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The interactions of Cu(ll) and Ni(ll) with mono-., di-
|
and triethanolamine over all possible ranges of pH values and 
amine concentrations in aqueous solution, have been described i
in this thesis*
Copper was released to the outer solution when the 
copper form resin was equilibrated with all the three aqueous 
ethanolamine solutions* Model curves, explaining the reason 
why the copper was extracted with all the three amines, were con­
structed successfully from the experimental findings and 
equilibrium constants derived by other methods. The factors- 
involved in swelling in the three forms of Mea— salt, Pea-salt
and Tea-salt, have been studied for comparison. It was found
tothat the addition of each CgH^OH group^accompanied by an increase 
in 34 units in volume, while the anomaly with 2% cross—linked
•  I  "I* hresin suggests xon-association in the order TeaH PeaH >
MeaH+ with the charged group of the resin.
Some conduotimetric, potentiometric and spectrophoto— 
metric studies were carried out to study the influence of 
ionised -OH groups in the ligand molecule towards Cu(ll) and 
Ni(ll) ions in dilute solutions. Such studies revealed the
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presence of hydroxy, chelate, mixed and polynuolear complexes
in addition to normal amine complexes with cuprio ions. Niclcel
formed normal ammine complexes and showed no tendency to form
hydroxy complexes.
The several stepwise dissociation constants of
CuTea^+ , CuDea^* and CuMea^* were determined* Further, a
Martell plot was used to estimate the dimerisation in solution.
—1 "5With Cu(II)~diethanolamine , ^ (MXiOH) ~ 1 X ^  9 w-iiere ^ =
[(CuDeaOH)2^+ ][H+ )^/[CuDea^+ ]^, was obtained. With nickel,
the values of log and log of the complexes of the general 
formula [NiX]^+ and [NiX,-,]^* formed below pH 9> have been 
determined by the method of potentiometry,
The work described in this Thesis was carried out 
in the Laboratories of the Department of Chemistry, Battersea 
College of Technology, under the supervision of the Head of 
Department, Professor J. E. SALMON, and direction of Professor 
C. W. DAVIES, Associate Director of Research and Professor 
Emeritus of the University of Wales*
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INTRODUCTION
8COMPLEX FORMATION OF Cu(ll) WITH THE ETHANOLAMINES 
1• General
In common with other amines., ethanolamine s, mono-, dl-, 
and tri-, form deep blue solutions with copper salts, and the com 
plexes CuE.3H202 + , Cu (e )2 (H20)22 + , Cu (E),(H20)2+ and CuE? may 
fee expected, with perhaps a tendency to higher complexes (with 
an increase from 4- in the coordination number of Cu) at very 
high concentrations.
The ikno-, di~ and triethanolamines are primary, secondary
»and tertiaryti amine s respectively, containing both amino - N
I
and hydraxyl OH groups in the molecule. In common with 
2(2-aminoethylamine)— ethanol H2N(CH2 )2 NH(CH2 )2OH, and unlike 
simple amines and they are capable of acting as bidentate
or even polydentate ligands. So in aqueous solution, at suit­
able conditions, it is possible to form chelate, hydroxy, mixed 
and even polynuclear complexes with metal ions in addition to 
normal amine complexes.
In recent years an increasing amount of interest has been 
shown in the problems associated with the formation of complex 
ions in aqueous solutions. In the literature several studies, 
with different techniques, have been made to identify, and 
ultimately to calculate the stability constants of,complex ions
formed between Cu(ll) ion and ethanolaraines in aqueous solutions. 
Despite a considerable amount of experimental work, the formulae 
and the values of stability constants of the complexes formed 
in solutions between Cu(ll) ion and each of the three ethanol- 
amines still remain in question, perhaps because of the 
irregular behaviour of the ligands themselves,
2• Previous Work
In the literature, much evidence is available to identify 
the complex species formed in solutions as well as in solid 
states with different metals. Although of interest, the same 
formula need not apply both in the solid and in solution.
Bolling and Hall [l] listed a number of references to work on 
solid compounds on ethanolamines, however; in 1 9 3 2 , the first 
solid compound C u ^ H ^.N^CgH^OH) with Cu(ll) and triethanol- 
amine was reported by Duff and Steer [ 2 ]  and recently the solid 
compound of the formula (^(HN^H^OH) ( C2H^0)2 Has been reported 
by Fisher and Hall [3]« There is also evidence of prismatic 
crystals of CuSO^.3NH2C2H^OH prepared by Ryazanov [A] and various 
synthetic crystalline compounds reported by G-asanov [5]> 
however, very little detail about other studies are available.
First attempts were made by Jean E. Harvey et al. [6] 
to identify the ions formed in aqueous solutions between Cu(ll)
and diethanolamine. The absorption spectra were measured for 
solutions 0 .0 1 M  in Cu(ll) ion and containing diethanolamine 
in the ratio of 1 : 3» 1 ‘ 4, 1 • 6 and 1 : 8. Solutions 
below 1 : 3 ratios could not be prepared because of the pre­
cipitation of copper hydroxide. No interpretations were made; 
however, it was assumed that the diethanolamine coordinated only 
through the secondary amine groups but not through the hydroxyl 
groups only because the maximum expected ratio 1 : 2 could not 
be prepared.
Bolling and Hall [l] studied absorption spectra and wm 
electrical migration experiments of the solutions containing 
various ratios of Cu(ll) ion to triethanolamine at various 
fixed pH values and ionic strengths. They produced the 
evidence of positively charged Cu(OH) (H^O) (G g H ^ O H ) ^ 1 ion 
at low values of pH, a neutral molecule Cu,(0H)^HgO)^C^H^OH) ^  
at 9*8 pH and at still higher pH a negatively charged 
Cu(OH)^N(CgH^OH) ion and suggested only 1 : 1 type complex 
between Cu(ll) and triethanolamine in dilute solution. Here 
they assumed triethanolamine as a monodentate ligand although 
the complexes found were of type 1 : 1 and concluded that the 
other three coordination sites of the Cu(ll) ion are occupied 
by hydroxyl groups or water molecules, depending upon the pH 
of the solutions.
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Many polarographic studies of Cu(ll) ion and ethanol—
amines system have been made by several workers* From
polarographic data J. Flannery et al* [7 ] suggested complexes
2 +of the general formula CuA^ for both mono- and diethanol- 
amine and concluded that the ethanolamines are monodentate 
ligands and the coordinate bond occurs only through the amine 
groups* However, in presence of a limited amount of the 
ethanolamines and where water does not compete, the likelihood 
of chelates formed with both the amine and hydroxyl groups were
1 8suggested, They reported a stability constant, Kstab = 3 x 10
of copper ethanolamine complex* This is the "overall constant"
[ CuA.  ] 2 +
Kstab a ----^-----
[Cu 2+][A]4
2 +Migal and Pushnyak [8] also suggested a CuA^ type complex be­
tween copper and monoethanolamine and calculated the overall
+ —1 6instability constant Kinstab = (3*6 - 0,7) x 10 which is
in good agreement with that of Ryazanov and Milin [4] «, calculated
by Voskersenskiis E.M*F* method, but differs from that of
Flannery [7 ]. Korshunov and Malyugina [9] reported C u A ^ + for
2+monoethanolamine and triethanolamine complexes and CuA^ for
the diethanolamine* While R * S , Subrahmanya [10] deduced the
+ \ + *1* _ / \ + +formation of complexes C u ^ C M o e n ^ ^ H )  ^  , C^Moen)^ , Cu(Moen)^ 
and Cu(Dien) ( OH) g , Cu(Dien) gCOH) 2 an<^  Cu(Dien)2**> where Moen
and Dien represent monoethanolamine and diethanolamine. He re­
ported the composition hut not their stability constant; however 
a value equivalent to log K = 18.0 for a complex having the 
formula Cu2(MEA)^(0H)^ was given. No formulae with Cu(ll) ion 
and triethanolamine were given because irreversible waves were 
obtained in contrast to monoethanolamine and diethanolamine.
Among all these previous studies, recently Fisher and Hall [3 ] 
observed complexes, between Cu(ll) ion and each of the three 
ethanolamines, of the general formula CuAx(0H)y where [A] re­
presents the amine molecule and (OH) represents a hydroxide ion 
coordinated or a proton removed from an amine molecule. The 
studies were mad© at values of pH greater than about 8(a) at 
constant pH and varying amine concentration and (b) at constant 
amine concentration and varying pH values. For Cu(ll)- 
monoethanolamine, the complex of the formula Cu(MEA)2(OH)2 , in 
the range of the concentration, of free amine 0.01 to 0.10M and 
pH 11 to 13*5 was obtained. The average value log K = 19*9> 
where IC = [Cu(MEA)2 (OH)„ ]/[Cu2 + ] [0IT]2 [MEA]2 was given. For 
Cu(Il)-diethanolamine, the complex of the formula Cu(DEA)2(0H)2 , 
in the range of amine from 0.01 to 0.10M and from pH 9 to 11 
was obtained. The average value log K = 19*4, where K =
[Cu(DEA)2 (0H)2 ]/[Cu2+]f0H~]2 [DEA]2 was given. Moreover, above
pH 11, a complex of the approximate formula Cu(DEA)1 ^(0H)o
J. • J? & * L)
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indicating a polynuclear or a mixture of oomplexes was suggested. 
With Cu(ll) and triethanolamine two complexes of the approximate 
formula Cu(TEA)(0H)2 and Cu(TEA)(0H)^ were suggested and the 
values log K ]_ = 1 8 . k ,  where = [Cu(TEA)(OH)2 ]/[Cu2+] [0H~]2 [TEA] 
and log K2 = 20.7, where ICg = [Cu(TEA) (OH)" ]/[Cu2 + ] [OH'UteA] 
were given.
Hall and Dean [11], as a result of conductimetric studies
in solution in methanol between Ou(ll) ion and diethanolamine
and NaOH, reported a number of species Cu(0H)+ , C^OH)^, CuA^++,
Cu(A - H)+ , Cu(A - 2H), Cu(A - H)2> Cu5(5A - 6h )++, Cu 5(6A - 6h )4+
and Cu^(5A - 10H)+ (0H)2 , where A is the amine, and Hall and
James [12], working with monoethanolamine and NaOH, reported
complexes Cu(0H)+ , Cu (0H)2 , Cu (A - H)(0H), CutoA - H ) 0 H ) 2+++,
Cu 5 (A - H)4 (0H)4 +++, Cu 5 ( A  - H)10(0H)~ and C u ^ A  - H)6(0H)g“ ,
where A is the amine. Here it is concluded that ionised OH
groups of the ligand molecules are capable of coordination in
sufficiently basic solutions. Michelle G-ibaud [13] , as a result
of pH measurements in acid and neutral solutions gave the
2 +evidence of complexes [Cu.N(C^H^OH)^] and
^ C u  - 2 [N#(G ^ H ^ O H ) ^ ] J b e t w e e n  copper salt and triethanolamine.
B. ICirson and L. Barsily [14] studied the influence of 
alcoholic groups in amino ligands on the formation and 
structure of copper complexes of mono-, di~ and triethanolamine*.
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They found that ammoniacal complexes are decomposed in solution 
for a ratio 1 Ou : 6-7 NH^ even at pH 10, while (a) the com­
plexes with monoethanolamine remained stable at pH ^ 9  even 
if th© ratio 1 Cu i 4 etam; (b) the complexes with diethanol- 
amine remained stable at pH = 9 even for 1 Cu : 3 dietam ratio, 
and (c) the complexes with triethanolamine remained stable up 
to pH 6.3 even when the ratio is 1 Cu : 2 trietam; (a complex 
of the type 1 Cu : 1 trietam was also suggested in alcoholic 
media). At a given pH, on adding excess of ligands, the 
absorption spectra were measured but they found no variation 
in optical density. However, an absorption max. at 700 - 21 mp 
with Cu : trietam complex at pH 3*5 — 6*5 and an absorption max. 
at 580 - 600 mp with Cu : etam and Cu : dietam were observed.
Also differences between the complexes of etam and dietam on the 
one hand and trietam on the other hand were noticed potentio- 
metrically. From the observations they concluded that the 
hydroxyl groups are able to participate in complex formation 
with copper and increase the stability in aqueous solution and 
that a number of hydroxyl groups can be added giving rise to a 
change in the compositions of the complexes and their properties. 
Heijiro Ojima and Koso Sone [13] carried out a speotrophotometric 
study of the copper complexes of N-alkvlated ethanolamines.
With monoethanolamine, the absorption spectra of (a) the complex
ions formed above 1 : 3 ratio by keeping fixed amount of Cu(ll)
ion to increasing amount of amine and (b) the complex ions 
formed in the ratio of 1 : 2 and 1 : 20 with respect to Cu : 
amine and increasing amount of sodium hydroxide were measured.
They observed a spectral at 620 mp but on increasing the concen-
X
tration of ligands, the band moved to shorter wave-lengths 
ca. 600 mp and a broad shoulder at ca. 520 mp, The spectral 
curves of the mixtures containing both ethanolamine and sodium 
hydroxide and the solutions containing large excess of ethanol­
amine were found remarkably similar. From the spectral
2 +evidence of [Cu(NH^)^] and other simple primary amines, and 
that given by Hall and Dean for the complex forming reaction 
of N-hydroxyethylethylenediamine, they assumed the existence 
of the following two equilibria in solutions :
formation of chelate complex is favoured in highly alkaline
solutions. Moreover, for detailed explanation, Heijiro
Ojima [16] applied the ps.per electrophoresis method to the study
Cu^+ + 4 amine — ^  [Cu^HNHgCgH^OH)^] ^  +
(a)
According to this explanation, it is expected that the
—1 6 -
of Cu(ll) complexes of ethanolamine and various N-substituted 
ethanolamine and suggested the existenoe of the complexes;
(a) [Cu(0H2 )^_n (NH2C2H^0H)n ]++; (b) [CuCWB^CgH^O)g ];
(c) [Cu (0H)2 (NR2C2H2(_0)]'m‘ and (d) [Cu(OH) (OCgH^NRCgH^O) ]; in 
which the complex (b) is an electroneutral particle. This 
supports the formation of the complex (b) proposed by absorption 
spe ctra.
Walton and co-workers [17] studied the complexes of 
2-aminoethanol and ethylenediamine with Ag(l), Cu(ll) and Ni(ll) 
by an ion-exchange resin method and compared the stability 
constants of the complexes in the resin phase and in aqueous 
solution. They calculated the stability constants of 2-amino­
ethanol complexes of Ag(l), Ni(ll) and Cu(ll) and of en complexes 
of Ni(ll), Cu(ll) and Zn(ll). They showed that the metal 
amine complexes are far more stable on the resin than in the 
aqueous solution. Further,they observed that Cu-ethanolamine 
complexes have the tendency to remain in the outer phase (ex­
ternal solution) while other metal amine complexes prefer the 
resin phase.
Cadiot Smith [18] studied the complexes of copper with
triethanolamine in alkaline media, mainly by the method of sur-
2 +face potentiometry, using a Cu-electrode to detect Cu ion and 
also confirmed the results with other methods. He observed
several) alcohol groups. Further, he showed that the stability
as well as their degree of condensation varies with pH. He
suggested that at the alkalisation by NaOH of a mixture of
copper and triethanolammonium(TH+ ), the successive formation of
the complexes occurred as follows :
„ [ T 2 Cu ] + +
TH+ + Cu++ ? [TCu]+ + ?  t.V H ..) [t2Cu2 (0H)2 ] + +
seven complexes by the interaction of the ionisation of one (or
[ t 4 c u ^ ( o h ) 5 ] 3+
-i- OH
[T2Cu(0H)2 ]° +
[TCu (OH)^] <"*
Here it is concluded that, due to the ionisation of the 
alcohol groups of the amine alcohol, the chelates and in general 
polynuclear (or condensed) complexes are formed in alkaline 
medium.
Most recently, C.W.Davies and V.Patel [19] have published 
evidence of uncharged species Cu(NH2 .CgH^O)  ^ being formed between 
Cu(ll) ion and monoethanolamine, at high values of pH, by the 
method of ion—exchange and electrometric measurements. They
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showed that when a sulphonic aoid exchange resin in the form of 
its copper salt is exposed to a solution of monoethanolamine, a 
large proportion of the copper is released from the resin to 
form a deep-blue solution. Since eleotroneutrality must be 
preserved in the resin, the reaction :
X N H g . C g H ^ O H  + 2 H 2 0  + C u 2 + — ■ ^  2 N H „ . C 2 H ^ 0 H +  + C u 2 +  +  2 0 H ~  +
(x - 2)NH2C2H, OH.
must have proceeded extensively where the barred symbols re­
present the species in the resin phase. To learn more of the 
nature of the soluble copper complex, they made electrometric 
measurements on the system and, for comparison, on copper- 
hydroxide-ethylenediamine systems. Three mixtures of (A)
CuSO^ 0.5? ethylenediamine (en) 1,115? NaOH 1.021, in 122.0 ml. 
of solution; (b ) Cu SO^ 0.5? en 0.669, NaOH 1.021 in 121.2 ml, 
of solution and (G) CuSO^ 0.5? monoethanolamine (mea) 2.213, 
NaOH 1.021, in 122.2 ml, of solution were studied conducto- 
metrically and potentiometrically. In contrast to mixture (A) 
and (B), the initial conductivity of mixture (C) contains no 
contribution from the added hydroxide ion, and the reason is 
that these have all reacted with the copper ion to form a non­
conducting species. This explains why the copper is released 
from the resin by ethanolamine, Potentiometrically, the curve
of (C) differs from that of (A) and (B) both in the location of 
the endpoints and in its position on the pH scale. The reason 
is that the stability of copper—ethanolamine complexes is much 
less than that of the copper-ethylenediamine complexes. From 
the results and by assuming the copper to be fully amminated, 
they suggested the presence of uncharged species according to 
the equation :
CuMea^2+
c h 2 - n h 2 .0 - c h 2
^  Cu + 2 MeaH+ .
c h 2 - o n h 2- c h 2
Here they conoluded that ai high values of pH, these 
complexes show acid character and protons are lost and suggested 
that at high pH, the monoethanolamine behaves as a bidentate 
ligand.
3. Present Programme of Work
The systems studied are complicated by reason of the 
large numbers of compounds that can be formed, under suitable 
conditions, but they provide a number of points of interest.
In the first place it may be expected, by analogy with 
the behaviour of NH^ and other amines, that copper will form a 
series of complexes with the copper bonded to 1, 2, 3* or 4 
nitrogen atoms and possible at high concentrations to a fifth.
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In contrast with simpler amines, the ethanolamines contain one 
or more OH-groups which may act as additional donor groups; 
so it is hoped and it is of interest to investigate how far their 
behaviour is affected by this possibility of polydentate binding.
Secondly, C. W. Davies and V. Patel showed that when 
a copper form resin was immersed in aqueous solution of 
ethanolamines, about two thirds of the copper ion was released 
to the solution. Since the resin must remain neutral a reaction 
such as :
2 +  +Hn 0 ........— +  ,RCu + xE 2 sr— —  R - EL + [Cu,xE + 20H ]
must be taking place, though the nature of the complexes in
the square bracket is unknown. It is soluble and deeply
2 +  —coloured and might be expected to be (CuEa^) ... OH (a strong- 
M  alkali) or (CuEa^OH)+ ... OH (a strong monoacid base) or 
possibly (CuEa^(OH)g)? a weak base, if this is soluble. More­
over, it is well established that the degree of cross-linking 
of the resin and the size of the ligand molecule, do affect 
the extent of complex-formation and in many ways a l\.% DVB cross- 
linked resin would probably be the best to study. So it was 
decided to continue the work with 2%, fifo and 8% DVB cross-linked 
resin and with mono-, di- and triethanolamine to throw light 
on the formulae and formation of complexes on the resin phase
—21 —
as well as in solutions and also to study the effect of the 
size of the ligand molecule as well as the percentage of 
cross-linking of the resins.
Thirdly, it is a well known fact that with every amine 
there is a competition between NH2 ,0H and HgO species for 
coordination sites in the coordination sphere of the cation.
So it will be interesting to see the characteristic feature 
of ethanolamines which contain additional OH groups. Again, 
there is also evidence of an uncharged complex molecule with 
release of protons at sufficiently high pH values. But if this
molecule is formed at high pH, the half-way stage is also 
likely to be present in significant amounts in the solutions. 
Very little is known in the literature about the soluble complex 
hydroxide. Hence, it was decided to develop the present know­
ledge of the soluble complex hydroxide by the additional 
methods of conductimetry, potentiometry, spectrophotometry 
at suitable pH values.
- 2 2 -
P A R T II
EXPERIMENTAL
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(A) Preparation of Resins
(1) Hydrogen form
Sulphonated polystyrene resins (ZeoKarb 225 in sodium 
form) cross-linked with 2% > 4*5# and 8# divinylbenzene were used. 
They were of 14—52 mesh. The resin was stirred with two 
successive amounts of water. The resin slurry was then intro­
duced into a large glass column with a sintered disc and half 
filled with water, in such a manner that no air bubbles were 
trapped between the particles [20]. When the resin had been 
transferred, the column was backwashed by passing deionised 
water up it. The flow of water was maintained in such a way 
as to fluidise the bed, and the light resin particles swept 
over with the water were rejected. Hydrochloric acid (about 2N) 
was then allowed to flow downwards through the column of resin 
at about 500 ml. per hour, until the acidity of effluent was th© 
same as that of the influent and the effluent was free from iron 
as tested with ammonium thiocyanate solution. Deionised water 
was then passed through the resin until the free acid was com­
pletely washed out, as tested with silver nitrate and methyl 
orange. The resin was then filtered off on a "Buchner funnel”
1 . R E S IN S
and dried until completely free running. The air—dry resin 
was stored in a tightly stoppered bottle as a stock material,
(2) Cu-form resin
The required 2%, and Qfo DVB Cu-form resins were
prepared from the purified hydrogen form resin prepared as above, 
by passing an approximately normal solution of the neutral 
AnalaR oopper sulphate solution through the column. The effluent 
was examined for the copper ion and,to ensure complete conversion 
of the resin into the Cu-form,the volume of copper sulphate 
solution passed was about twice that required for the "break 
through capacity". The resin was then washed with deionised 
water until free from the oopper sulphate used for conversion, 
and dried as before.
(3) Determination of moisture, canaoity and equivalent weight 
of the resins
(i) Moisture content:—
All air-dry resins are in hydrous form. Usually the 
capacity, equivalent weight, etc. of the cationic form resins 
are expressed on the dry-weight basis. So the moisture content 
of the resin was determined by difference in weight on heating 
a separate sample to constant weight at 120°C in oven.
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(ii) Capacity and equivalent weight
lon-exchangers are characterised in a quantitative 
manner by their capacity which is defined as the number of 
counter-ion© equivalents in a specified amount of the material. 
The unit of weight capacity is expressed in meq./gm, of dry 
form resin.
Hydrogen form re sin:-
A weighed sample of the air-dry H-form resin was con-
+ + verted from the H —form to the Na -form by passing approximately
0.5M NaCl solution through the resin into a small glass column
with a sintered diso at a rate of 100 ml./hr. and the liberated
H in the effluent was titrated against standard sodium
hydroxide using phenolphthalein as an indicator [20].
RH + N a C l  RNa + HG1
Capacity of the H-form _ Vol. of NaOH x Normality of NaOH
resin (meq./gm.) ~ Weight of resin
Hence the equivalent weight „   1000 _^
of H—form resin ~ capacity of the resin (meq./gm.)
The capacity and equivalent weight of the dry resin could then 
be calculated from the known moisture content.
Cu-form re sin:-
A known quantity of the air-dry copper form resin was
—26—
taken in the small glass column with sintered disc as usual 
2 +and the Cu ions were eluted with approximately IN hydrochloric 
acid and the amount of copper in the eluate was determined by 
titration with standard sodium thiosulphate solution adding 
starch solution as an indicator near the end-point [21].
2 CuCl2 + 4KI Cu2I2 + 4KC1 + I2
Capacity of Cu-form Vol. of NapSpO* x Normality of NapSpO,
resin (meq./gm,) = -■■■— :— — — — w  —r~— — — ■  — — X 2x ' Weight of Cu-form r e a m
Hence the equivalent weight _ 1000
of Cu—form resin ~ capacity of the resin }
The capacity and equivalent weight on dry basis was calculated 
by dividing with the weight of dry-resin instead of air-dry 
resin [22],
(B) Standardisation of Solutions
The materials used were of AnalaR quality and deionised- 
water was used for all dilutions throughout the work. The 
mono— , di— and triethanolamines were used as supplied by 
B.D.H. The concentrations were determined in meq./gm. using 
the weighing burette [22],
(4) Sodium hydroxide
Sodium hydroxide solution was standardised by the method
of w t • of KHPh/Vol. of NaOH x 0.20423? using AnalaR potassium- 
hydrogen phthalate,
(5) Hydroohlorio acid
A known weight of hydrochloric acid solution was 
titrated against standard sodium hydroxide solution using 
.phenolphthalein as an indicator.
(I) 1.0 gm. of acid
soln. contains Vol.of NaOH x Normality of NaOH  — rr—r rrr-%-----■■■   v ■■,  — _  men acidWeight of acid solution
t *t" —r \ r, *T „ gms. of acid solution(II) 1,0 ml. of xN NaOH s  — ; gms. of theN ~ Vol.of xN NaOH solution
acid solution,
(6) Mono-. Pi— and Triethanolamine solution
From the volume of standard sodium hydroxide solution 
required to neutralise the excess of acid, it is easy from (il)
above to find out the weight of acid solution unreacted and
hence the weight of acid solution neutralised by the known weight 
of amine solution. From (I) above, meqs, of acid required to 
neutralise the amine solution is known and hence the meqs. of 
amines contained in the known weight of the amine solution.
By simple arithmetic the meqs. of amines per gm. of amine solu­
tion can be calculated. The weight in gms. of mono— , di- and 
triethanolamines were obtained by multiplyingby 0•06l , 0.1051 and
- 2 8 -
(C) Equilibrium Experiment
Measurements of swelling, sorption and ion-exchange 
equilibria require equilibration of the ion—exchanger with the 
solution of interest. A sample of the ion-exchanger (about 
1 gm.), in filter tube with sintered disc, was contacted 
successively with portions (about 16 gms.) of the solution in a 
stoppered bottle in order to avoid concentration changes by 
evaporation of solvent. The bottle was tilted several times 
during equilibration so that the solution could percolate through 
the resin bed. The time of contact was more than 24 hours and 
the procedure was repeated until the composition of the equili­
brium solution remained unchanged. After equilibration, the 
filter tube, covered with a rubber cap, was transferred to a 
centrifuge tube to remove the adherent solution [2 3]* It was 
centrifuged at 2000 r.p.m. for 30 minutes and then transferred 
quiokly to a stoppered bottle and weighed.
(7) Swelling b.y weight by centrifuge method (H-form resin).
When the hydrogen form resin was equilibrated with amine 
solution, it was affected by three factors, (a) water uptake as 
a part of swelling liquid, (b) free amine as part of the swelling
0.149 respectively [22],
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liquid, and (c) amine absorbed in converting the hydrogen resin 
to the salt form. These were determined as follows :
x Gms, of air—dry hydrogen form resin (capacity and water 
content known as per previous experiment) was equilibrated with 
y gms. of amine solution containing a known amount of amine (as 
per previous standardisation). Now the total system (x + y)gms* 
after equilibrating and centrifuging, contained z gms. of resin •- 
phase and (x + y - z) gms. of solution phase. The amine in the 
equilibrium solution was found by titration with standard hydro­
chloric acid and hence the amine in the resin phase by difference* 
Also, on subtraction from the total solvent absorbed by the 
dry-hydrogen form resin, the weight of water on the resin phase 
as well as in the solution phase was determined.
From the total weight of amine on the resin phase, sub­
traction of that present as salt form (capacity of the resin x 
mol. wt. of amine) gave the free amine present as part of the 
swelling liquid*
After knowing the amount of amine and water on the resin 
phase, it was possible to calculate the distribution coefficient 
of amine•
(8) Swelling by volume by pyonometffio technique
The volume and density of an ion-exchanger in equilibrium
with a solution are readily determined with a specific gravity 
bottle [23]# The known weight of air-dry hydrogen form resin 
(capacity and water content known) was equilibrated with about 
1M amine solution for more than 24 hours. The experiment was 
carried out at 25°C and the weight in vacuum was calculated by 
applying bouyancy correction [2l].
Calculation s :-
(i) First of all the dry and clean bottle was weighed
Bvkv
^with deionised water to determine the volume of the bottle.
,T „ , , , _ Wt. in vacuumVolume of bottle = danaitV'of'water"at'~250C 0,c“U* wXX j j  V  1  W c l  0  v l  C t U 9mm v
(ii) Hydrogen form resin, on equilibration with amine 
solution, converted into amine form. So increase in weight 
on salt formation was calculated as weight of dry H-form resin 
x capacity of resin x mol. weight of amine. Hence the weight 
of dry—amine form resin was obtained.
(iii) Water absorbed by dry-hydrogen form resin was cal­
culated by centrifuge method. Therefore, on adding the weight 
of water to the weight of dry amine form resin, the weight of 
swollen amine form resin was obtained..
(iv) Density of swollen resin.
After equilibration, the swollen amine form resin was 
washed with deionised water at 25°C. The apparent density of
- 3 1 -
the sample (water + swollen resin) was calculated by dividing 
the weight with volume of the bottle and hence the weight in 
vacuum. Also, from the weight of the sample (water + swollen 
resin), the volume of free water and hence the volume of swollen 
resin was calculated by subtraction. Now the volume and weight 
of the swollen amine form resin waveknown and hence the density
of the swollen amine form resin.
The volume of 1 equivalent of swollen amine resin was
calculated as :
Wt. as eq. wt-. of dry H—form resin + mol. wt. of amine 
+ wt, of water absorbed.
. tt_... wt, of swollen resin. • volume = r - 1 t t  —  ^ - c.c.density of swollen resin
(9) Copper form resin
When the copper form resin was equilibrated with ethan­
ol amine solutions, it was affected by the following factors.
(a) Water is sorbed as a part of the swelling liquid 
and the amine may enter partly (b) to complex with the copper, 
partly (c) to replace copper released to the solution and 
partly (d) free, as part of the swelling liquid in the resin 
pore s•
After equilibrating and centrifuging, the amounts of 
copper and amine on the resin phase as well as in the solution
- 3 2 -
phase w e r e  determined as follows :
The initial system oonsisted of a_ g. of air-dried 
copper resin and £ g. of amine solution. From its moisture 
content the resin was known to contain b g« of dry copper resin 
and (a - b) g, H^O, and by titration the solution was known 
to consist of d g. amine and (c - d) g. water. The system 
therefore oonsisted of b^  g. resin, d^ g. amine and (a - b) +
(c - d) g. H^O.
After equilibrating and centrifuging, the resin phase 
was weighed (x g.), and by difference the solution phase was 
(a + o - x) g. This was analysed for copper and amine content 
and so by difference the copper in the resin phase, the amine 
in the resin phase, and the water in both phases could be 
calculated. Inferences could then be drawn, as described later 
concerning the state of the copper and amine in both phases, 
and the reason for the loss of oopper from the resin phase.
Tables 1, 2, and 3 show the grams of Tea, Dea and Mea 
and HgO absorbed when 1 g. equivalent of H-form resin is swollen
in an amine solution of (equilibrium) molar concentration M,
(a ) 2# DVB H-form resin and aqueous triethanolamine system
Experimental Results
TABLE 1
M 3.55 2.112 0.8320 0.3550 0.1750
Tea 393.6 217.9 98.51 38.20 1 6 . 1 0
H2° 280.1 520.7 650.4 707.0 735.8
Equivalent TiTeight of dry-resin = 187.1
(b) 4.5$ DVB H-form resin;
M 3.514 2.020 0.7340 0.3784 0.1170
Tea 118.5 57.9 28.8 1 6 .44
1 1
5.37
h 2o 87.3 175.9
- r .  r r .  ■ i - r r 
212.2 224.6 242.5
Equivalent Weight of dry-resin = 189#3
(c) 8fo DVB H-form resin:
• M 3.477 2.719 2.067 0.7510 0.2823 0.1224
Tea 83.24 25.31 28.32 17.49 5.637 1.407
h 20 7.823 8 1 . 3 6 83.03 98.13 114.2 124.5
Equivalent Weight of dry-resin = 19&.0
( a ) 2% DVB H - f or m  r e s i n  and a q u e o u s  d i e t h a n o l a m i n e  s y s t e m
TABLE 2
M 3 . 8 2 8 1 . 9 2 2 0 . 8 5 0 4 0 . 3 5 5 7 0 . 1 6 8 2
Dea 2 5 1 * 4 1 3 1 * 3 5 3 * 9 3 2 1 . 3 5 6 . 9 7 1
h2 o 2 3 4 * 5 6 5 2 . 7 7 4 2 . 5 7 7 5 . 0 7 8 6 .  6
E q u i v a l e n t  W e i g h t  o f  d r y  r e s i n  = 1 8 7 . 1
( b )  4 * 5 #  DVB H- fo rm r e s i n ;
M 3 . 7 8 6 1 . 8 5 1 0 . 7 1 0 6 0. 2 60 2
\
0 . 0 5 7 2 5
Dea 5 6 . 5 4 3 0 . 5 5 1 2 . 0 3 1 . 9 3 3 -
h 2 o 1 8 9 . 4 2 4 5 , 4 2 4 8 . 5 2 5 8 . 3 2 6 2 . 8
E q u i v a l e n t  W e i g h t  o f  dry  r e s i n  « 1 8 9 * 3
( o )  8 #  DVB H—f o r m  r e s i n ;
M 3* 75 7 1 . 8 2 0 0 . 7 5 6 1 0 . 2 7 9 2 0 . 0 9 5 5 9
Dea 1 9 . 4 5 1 0 . 2 5 0 . 7 4 3 7 - —
h2 0 1 1 2 . 0 • 125*  5 1 3 6 . 1 1 3 7 * 6 1 3 9 * 7
E q u i v a l e n t  W e i g h t  o f  d r y  r e s i n  = 1 9 6 . 0
( a )  2 fo DVB H- form r e s i n  and a q u e o u s  m o n o e t h a n o l a m i n e  s y s t e m
—  I I — IW I mm +Jm mmm a r m . ..................   I I n  i i i w i i ^ I i i  ■> III ityi i . i l  i k w i i M W  m m  « I »  |I |<P*» U— n m w o . 1. , . .
M 3 . 9 6 2 1 . 9 H 0 . 8 7 3 8 0 . 3 8 4 5 0 . 1 3 0 1
Mea 1 7 7 . 8 8 6 . 62 3 8 . 3 1 1 5 . 7 2 4 . 1 5 4
H2 ° 620. 0 7 4 1 . 6 7 9 1 . 6 8 1 3 . 9 8 2 8 . 1
E q u i v a l e n t  W e i g h t  o f  d r y - r e s i n  = 1 8 7 . 1
( b )  4 . 5 $  DVB H- form r e  s i n ;
M 3 . 8 5 4 1 . 8 2 7  | 0 . 7 9 4 1 0 . 2 6 0 9 0 . 0 2 5 6 4  |
Mea 5 2 . 1 7 2 3 . 0 9  | 9 . 8 2 8 2 . 1 3 2 • j
h2 o 2 2 2 . 5 2 5 5 . 1  i 2 6 8 . 5 2 8 3 . 9 2 7 8 . 5  j
— L
E q u i v a l e n t  W e ig h t  o f  d r y  r e s i n  = 1 8 9 . 3
( c )  8% DVB H- form r e s i n ;
M 3 . 8 4 1 1 . 7 7 7 0 . 7 9 9 3 0 . 3 0 4 2 0 . 0 8 8 1 4
Mea 2 8 . 9 6
jr , ....... j , * ,
1 0 . 4 1 3 . 9 4 4 1 . 1 7 6 i.... • _____  , f
h 2 0 1 2 3 . 1 1 4 1 . 7 1 4 8 . 7 1 5 4 . 3 1 5 3 * 7  j
E q u i v a l e n t  W e i g h t  o f  d r y  r e s i n  = 1 9 & . 0
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( a ) Volume o f  1 e q u i v a l e n t  o f  amine  f o rm  o f  r e s i n  a f t e r  
s w e l l i n g  t h e  H - f orm  i n  a p p r o x .  1M amine  and w a s h i n g
TABLE 4
? R e s i n
Mea
3 3 7 . 0
4 5 6 . 5
1 0 0 5 . 0
Dea
3 5 6 . 5
4 . 5 $  R e s i n
4 7 4 . 0
2 $  R e s i n  
9 9 4 . 2
( b ) D e n s i t i e s  o f  s w o l l e n  r e s i n
Mea
1 . 2 1 7
1 . 1 5 8
1.072
70 Re s m■ w Im i o m i+T.nm.*
1 . 0 8 4
T e a
3 7 6 . 0
4 8 9 .  6
9 7 4 . 0
Tea
1 . 2 4 9
1 . 1 8 7
1.101
TABLE 5
( a.) 2 #  DVB C u- for m  r e s i n  and a q u e o u s  t r i e t h a n o l a m i n e  s y s t e m
■ ...... ...... .. .........
T o t a l  C u ( m e q . ) 1 . 4 7 6
- - .................
2 . 5 2 9 2 . 2 4 7 0 2 . 8 1 5 0 2 . 6 8 3
C u ( m e q . ) 0 . 6 9 2 6 2 . 1 6 8 1 . 1 3 8 4 ! 0 . 5 6 8 2
-4 ........ -  .
j
0 . 2 5 0 8  j
Q O JL HI v A  O Xi
P h a s e  T e a ( e “ - )
r
6 . 2 4 3 0 5 . 1 1 3 0 1 . 8 0 7 : 0 . 7 6 1 5
.............. .............  j
0 . 2 6 3 0
H2 0 ( g m . ) 5 . 3 8 9 5 9 . 8 7 2 9 1 1 , 8 2 1 1 1 2 . 6 4 4 2 1 3 . 3 3 5 1
Re s i n  T e a ( g m . ) 0 . 6 7 8 0 0 . 4 3 9 0 0 . 4 3 3 0 ; 0 . 4 6 2 5 0 . 4 1 2 1
P h a s e  t r  r t /  > H2 0 ( g m . ) 0 . 4 5 0 6 1 . 6 6 0 8 1 . 4 4 5 3 1 . 7 9 4 7 1 . 6 3 1 8
F r a c t i o n  o f  Cu 
e x t r a c t e d 0 . 4 6 9 0 . 8 5 7
“■ M ,U-~L
0 . 5 0 7 i 0 . 4 0 3 0 . 0 9 3 5
T e a ( g m . ) / l 0 0 0  gm.
h 2 0
5 3 5 . 8 3 3 9 . 8  
— —...
1 3 2 . 3 j 5 6 . 7 5
j
.■J,——
1 9 . 3 4
( * )  4 ^ 5 # -  DVB;
T o t a l  C u ( m e q . ) 2 . 4 2 8 3 . 9 3 1- -........... 3 . 6 8 9 3 . 1 8 5 3 . 8 8 9  |
S o l u t i o n  Gu( ra® 9 . ) 1 . 6 1 5 2 2 . 8 0 6 1 . 4 2 0 2
j. , ,
0 . 3 9 2 4 0*066  |i
P h a s e  T e a ( g m . ) 7 . 6 0 0 4 . 1 5 4 1 . 9 H 0 . 7 5 5 1 0 . 1 4 2 9
H2 0 ( g m . ) 6 . 3 7 1 0 1 1 . 0 6 2 2 1 3 . H 9 7 1 3 . 4 6 6 8 1 4 . 7 8
R e s i n  T e a ( g m . ) 0 • 4 4 4 0 1 . 2 5 5 0 0 . 4 5 1 0 0 . 4 4 9 9 0 . 5 5 8 6
P h a s e  H2 0 ( g m . ) 0 . 3 8 5 7 0 . 1 5 4 1 0 . 8 6 9 4 0 .6 79 6 0 . 7 3 0 3
i F r a c t i o n  o f  Cu 
e x t r a c t e d
0 . 6 6 5
....  - —
0 . 7 1 4 0 . 3 8 5 0 . 1 2 3 0 . 0 1 7
T e a ( g m . ) / l 0 0 0  gm.  
H?°  '
5 4 2 . 1  
........ ......... |
2 7 1 . 4 1 2 6 . 9 5 3 . 9
1
9 . 5 7 . 1
"  • • 1
i
TABLE 5 (Conti.)
( o )  8% DVB:
T o t a l  C u ( m e q . ) 1 . 4 7 4 3 . 8 7 9  . 3 . 2 1 6
..... ....
3 . 7 1 4  1 4 . 0 4 2  !
S o l u t i o n C u ( m e q . ) 1 . 3 6 1 3 . 1 9 0 1 . 3 6 3 8 0. 6042 0 . 1 2 4 3
P h a s e T e a ( g m . ) 7 . 8 7 5 4 . 0 5 8 1 . 8 5 1 0.8908 0 . 1 9 0 0  !
. __ _____ i
H20 ( g m . ) 6 . 6 2 6 8 1 0 . 6 5 7 6 1 2 . 7 2 0 9
...............
_15 .517_
’ I
1 5 . 1 5 8  !ji
i R e s i n T e a ( g m , ) 0 . 2 0 3 0 1 . 0 2 6 0 . 3 6 6 0 .4 6 5 2 0 . 5 1 3 1  j
i P h a s e H2 0 ( g m . ) 0 . 1 2 6 4 0 . 4 2 3 7 5 0 . 4 4 0 1
-----  - __
0 . 4 3 1 6  ;
1
[ F r a c t i o n  o f  Cu 
e x t r a c t e d
0 . 9 2 3 0 . 8 2 2
- - --....... -
0 . 4 2 4
. . .  ......
0 . 1 6 3 0 . 0 3 0 7  !
*
1
T e a ( g m . ) / l 0 0 0 .  gm# 5 4 1 . 8
h2 0 I
2 7 3 . 8
,
1 2 6 . 7 5 4 . 2 5 1 2 . 3 8
•
TABLE 6
( a )  2 % DVB Cu—fo rm r e s i n  and a q u e o u s  d i e t h a n o l a m i n e  s y s t e m
T o t a l  C u ( m e q . )
mma
1 . 9 6 7
' J HI II 1 1 1
1 . 4 7 0 1 . 8 2 1 2 . 1 0 1 1 . 4 9 4
C u ( m e q . ) 1 . 5 6 4 1 . 2 6 9 8 1 . 5 8 8 6 1 . 6 6 2 8 1 . 1 8 4 0
QUX U I XUI 1 N 1..
D e a ( g m . ) 5 . 2 1 1 2 . 7 3 1 1 . 4 1 0 0 . 6 1 1 9 0 . 4 2 3 8
H2 0 ( g m . ) 7 . 4 9 0 1 0 . 1 7 7 1 2 . 3 3 7 5 1 1 . 4 0 5 9 1 4 . 3 6 8 3
Re s i n  D e a ( g m . ) 0 . 5 5 7 0 0 . 2 3 7 0 0 . 1 4 2 0 0 . 1 0 8 7 0 . 0 7 1 2
P h a s e  H2 0 ( g m . ) 1 . 0 4 9 4 1 . 0 3 4 1 1 . 4 1 6 7 1 . 6 9 4 9 1 . 2 2 2 1
F r a c t i o n  o f  Cu 
e x t r a c t e d
0 . 7 9 4 9 0 .86 40 0 , 8 7 2 4  
_ . ... . „ .... . ^
0 . 7 9 1 4 0 . 7 9 2 5
Dea(gm . ) / l 0 0 0  gm.
h 2 0
4 0 8 . 8 2 1 0 . 9 1 0 2 . 2  • 5 0 . 7 1  
. i .....................
2 8 . 5 9
T o t a l C u ( m e q . ) 3 . 2 4 3 2 . 7 2 6 2 . 9 4 3  : 2 . 2 8 7 2 . 6 6 8
C u ( m e q . ) 2 , 6 4 0 2 . 3 5 4 0 2 . 5 2 2  ; 1 . 8 2 0 2 0 . 7 7 5 6
P h a se D e a ( g m . ) 6 . 2 8 8 3 . 4 8 6 0 1 . 4 0 3  1i 0 . 6 7 9 4 0 . 2 0 3 8
H2 0 ( g m . ) 8 . 9 9 3 8 1 2 . 9 7 8 9 1 2 . 2 4 7 1 2 . 6 8 6 5 1 2 . 8 6 0 8  ;
Re s i n D e a ( g m . ) 0 . 3 1 8 0 . 1 5 6 0
" ....... ....... 1
0 . 0 8 5 0  |I 0 . 0 6 4 1 0 . 2 1 7 0  '
Pha s e HpO(gm.) 0 . 7 5 6 5 5 0 . 7 6 6 7 0 . 9 3 6 2  i 0 . 7 1 3 1 6 0 . 6 3 1 3 5
F r a c t i o n  o f  Cu 
e x t r a c t e d
0 . 8 1 4 1 O. 8640 0 . 8 5 7 0  |
i
0 . 7 9 5 8 0 . 2 9 0 7  ;
........... - (-
Dea(gm . ) / l 0 0 0  gm.
H9 0 
 ^ ____
4 0 9 . 4
_____
2 1 0 . 8 1 0 2 . 2  1 5 0 . 6 2
I
i
1 5 . 5 8
( o )  8 $  DVB;
T o t a l  C u ( m e q . ) 3 . 5 3 7  1 3 . 9 0 4  j 3 . 1 2 8  : 3 . 1 3 4 2 . 5 1 7
S o l u t i o n Cu( me<}.) 2 . 9 7 6  : 3 . 4 7 8  1 2 . 7 8 8  I 2 . 0 4 6..... . -  1 i ................. : ............ . .... 0 . 9 5 3 8
P h a s e  D e a ( g m . ) 6 . 1 9 3
-----  — —  — — —
3 . 1 8 5  | 1 . 7 1 4  1 0 . 6 5 7j J 0 . 2 8 6 7
H2 0 ( g m . ) 8 . 8 4 1 1 . 7 1 4 3 ! 1 5 . 0 0  • 1 3 . 5 1 3 8
- - 1
1 3 . 9 7 8
Re s i n  D e a ( g m . ) 0 . 1 7 5
1 1
0 . 0 9 9  ; 0 . 0 5 4 0 ! 0 . 1 1 8 7 0 . 1 6 8 3
P h a s e  H2 0 ( g m . ) 0 . 6 1 4 1 0 . 7 8 2 1  0 . 6 7 6 6 ’ 0 . 5 8 1 4t 0 . 3 8 6 6
F r a c t i o n  o f  Cu 
e x t r a c t e d
0 . 8 4 1 4 0 . 8 8 8 8  j 0 . 8 9 1 3 )  0 . 6 5 2 8
1 !
0 . 3 7 8 9
D ea (g m .  ) / l 0 0 0 -  gm.
h 9 o
— ----- ------- ---------£— -------
4 0 9 . 5 2 1 2 . 1  j 1 0 2 . 1  j 4 6 . 1 7  2 0 . 0 5
i : i
-40-
( a ) 2 #  DVB Cu- form r e s i n  and a q u e o u s  m o n o e t h a n o l a m i n e  s y s t e m
TABLE 7
T o t a l  C u ( m e q , ) 2 . 0 0 4 1 . 9 6 6 0 1 . 9 7 2 1 . 9 6 8  ; 2 . 1 0 0
1. .............  !. . __ ____
S o l u t i o n Gu<me^ ) 0 . 9 8 1 4 1 . 2 0 7 2 1 . 1 4 2 8
1
1 . 0 4 6 0  | 0 .5 09 0
................... 1............. —
P h a s e  Mea( s m- ) 2 . 9 5 1 . 8 7 5 0 . 7 3 3 0 . 3 5 3 1 0 . 0 7 7 3 1
H2 0 ( g m . ) 9 . 2 4 0 9 1 3 . 8 6 5 0 1 2 . 4 4 8 1 3 . 4 4 5 6 1 2 . 2 8 9 4
R e s i n  M e a ( g m . ) 0 . 4 5 6 0 0 . 2 5 4 0 0 . 1 6 6 7 0 . 1 2 8 7 0 . 1 4 7 9
P h a s e  H2 0 ( g m . ) 1 . 2 1 7 9 1 . 4 2 6 1 . 5 2 1 5 1 . 5 5 0 1 . 4 9 4 7
F r a c t i o n  o f  Cu 
e x t r a c t e d
0 . 4 9 0 0 . 6 1 4 0 . 5 8 0 0 . 5 3 1 4 j 0 • 24-24-
[
M e a ( g m . ) / l 0 0 0  gm.
h 20
2 4 1 . 5 1 1 8 . 9 5 5 . 4 7  j 2 5 . 5 3
i
. - ................. ! ...................
1 6 . 2 4 3
j
>) 4 . 5 $  DVB;
T o t a l  C u ( m e q . )
r mr .. -  ^
3 . 8 3 1 3 . 2 0 3 0 ' 3 . 5 5 6 0  ! 3 . 5 0 1 2 . 7 1 4 0
S o l u t i o n 01* ™ * ) 1 . 7 3 8 4 1 , 7 2 6 8 ]  1 . 8 7 2 6  ] 0 . 9 0 5 2 0. 2308
P h a s e  M e a ( g m . ) 3 . 4 6 5 0 I . 6 6 4 0 I 0 . 8 5 4 3  j 0 . 1 8 6 1 0. 04 605
H2 0 ( g m . ) 1 1 . 0  6 64 1 2 . 5 9 6 7 | 1 5 . 4 2 4  ! 1 2 . 3 7 1 1 1 4 . 5 5 7 3
R e s i n  * « ( « “ • ) 0 . 4 H 0  j 0 . 2 0 5 0 !  0 . 1 9 9 7  i 0 . 2 3 6 9. . -  ! __ 0. 2 02 05
P h a s e  H2 0 ( g m . ) 0 . 8 3 3 8 0 . 8 3 4 3 0 . 9 3 5 5  ! 0 . 8 2 1 3 7 0 . 5 7 4 0
F r a c t i o n  o f  Cu
e x t r a c t e d
0 . 4 5 3 6 0 . 5 3 8 8 0 . 5 2 6 5
__  . ... J
0 . 2 5 8 5 0 . 0 8 5
M e a ( g m . ) / l 0 0 0  gm.
h2 o
2 3 7 . 6 1 1 5 . 1 5 2 . 3 1  j
!
1 4 . 7 9  ;
11
3 . 1 5
- C I ­
( o )  8 $  DVB;
TABLE 7 (Contd.)
T o t a l  C u ( m e q , ) 3 . 7 4 6 0 3 . 5 9 1 0 3 . 5 0 6 2 . 6 7 1 2 . 5 3 5
S o l u t i o n Cu<me,**> 2 . 0 5 6 2 , 1 1 6 0 1 . 8 8 4 6 1 . 4 8 1 8 0 . 3 6 4 4
P h a se  M ea (g m . ) 3 . 3 6 1 1 . 5 9 2 0 . 7 2 9 5 0 . 4 4 2 1 0 . 0 8 7 4 6
H2 0 ( g m # ) 1 0 . 6 9 2 1 2 . 2 4 6 4 1 3 . 4 5 8 6 1 6 . 7 3 0 8 1 4 . 9 5 1 2
R e s i n  U 0 . 2 7 4 0 0 . 1 8 4 0 0 . 1 7 0 2 0 . 1 1 0 0 0 . 1 6 2 7 4
P h a s e  H2 0( gm *) 0 . 5 1 3 2 0 . 5 8 0 3 0 . 5 5 2 0 0 . 4 3 6 4 0 . 3 2 3 8
F r a o t i o n  o f  Cu 
e x t r a c t e d
0 . 5 4 9 3 0 . 5 8 9 2 0 . 5 3 7 4 0 . 5 5 4 6 0 . 1 4 3 7
M e a ( g m , ) / l 0 0 0  gm,
h 20
2 3 8 . 1 1 1 4 . 5 5 1 . 2 4 2 5 . 6 8 5 . 8 1 3
I
2 0 0
gms.
C u ( l l ) - f o r m  r e s in  —T e a  s y s t e m .
( 0 ) 2  % D V B .
( A )  4 - 5  % DVB.
( Q )  S  %  DVB.
( X )  C a l c u l a t e d  C u rv e  f o r  2  %
 « !___
4 0 0  6 0 0
of T e a  /  lO O O  gm s. H2 0 .
Fr
ac
tio
n 
of 
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e+
) 
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tr
ac
te
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2 .  PQTENTIOMETR.Y
When an a q u e o u s  amine  s o l u t i o n  ( w h i c h  w i l l  h a v e  a h i g h  
pH v a l u e )  i s  ad d ed  t o  a m e t a l  s a l t  s o l u t i o n ,  r e a c t i o n  may l e a d  
e i t h e r  t o  p r e c i p i t a t i o n  o f  t h e  m e t a l  a s  h y d r o x i d e ,  or  t o  t h e  
f o r m a t i o n  o f  s o l u b l e  amine  c o m p l e x e s  and p o s s i b l y  s o l u b l e  
m i x e d  a m i n e - h y d r o x y —c o m p l e x e s .  To r e d u c e  t h e  l i k e l i h o o d  o f  
p r e c i p i t a t i o n ,  m os t  o f  t h e  p o t e n t i o m e t r i c  t i t r a t i o n s  t o  be  
d e s c r i b e d  we re  c a r r i e d  o u t  by  a d d i n g  sod ium h y d r o x i d e  t o  a 
m i x t u r e  o f  amine  p e r c h l o r a t e  and m e t a l  p e r c h l o r a t e .  In  t h i s  
way t h e  pH o f  t h e  s o l u t i o n  c o u l d  be  g r a d u a l l y  i n c r e a s e d  f r o m  a 
l o w  v a l u e ,  and p r e o i p i t a t i o n  c o u l d  u s u a l l y  be  a v o i d e d .  D u r i n g  
t i t r a t i o n  any  l o c a l  p r e c i p i t a t i o n  was  a l l o w e d  t o  r e d i s s o l v e  
b e f o r e  a r e a d i n g  was t a k e n .
E x p e r i m e n t a l
The E . I . L .  d i r e c t  r e a d i n g  pH m e t e r ,  Model  23A,  was u s e d .  
I t  c a r r i e s  t h r e e  s c a l e s  o f  pH, m i l l i v o l t s  and & pH. On 
s u c c e s s i v e  a d d i n g  o f  OH i o n s ,  t h e  d i f f e r e n c e  i n  pH was  m e a s u r e d  
on t h e  pH s c a l e .  An a l k a l i  g l a s s  e l e c t r o d e  was  u s e d  a s  a 
r e f e r e n c e  e l e c t r o d e  and t h e  Cambridge  B u f f e r  T a b l e t s  f o r  pH 7*01  
a t  15°C and c a r b o n  d i o x i d e  f r e e  f r e s h l y  p r e p a r e d  0 .01M b o r a x  
s o l u t i o n  f o r  pH 9* 2 7  a t  15°C w ere  u s e d  f o r  t h e  s t a n d a r d i s a t i o n  
o f  t h e  pH m e t e r .
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M a t e r i a l s
( i )  Sodium h y d r o x i d e ,  ( i i )  Amine b u f f e r  s o l u t i o n s ,
( i i i )  Copper  p e r o h l o r a t e  and ( i v )  N i c k e l  p e r c h l o r a t e .
Sodium h y d r o x i d e  s o l u t i o n  was s t a n d a r d i s e d  by  c o n v e n t i o n a l  
meth od  ( a s  p e r  r e s i n  e x p e r i m e n t ) .  1M amine  s a l t  s o l u t i o n s  
( a )  MeaHClO^, ( b )  DeaHClO^ and ( c )  TeaHClO^ w e r e  p r e p a r e d  by  
m i x i n g  e q u a l  v o l um e  o f  2M amine  s o l u t i o n  w i t h  2M p e r c h l o r i c  a c i d  
s o l u t i o n .
P r e p a r a t i o n  o f  0 . 05M C u ( C 1 0 ^ ) 2 by  i o n - e x c h a n g e  method
A w e i g h t  o f  a i r - d r i e d  C u ( l l )  f o rm r e s i n  c o n t a i n i n g  200  meqs-
o f  c o p p e r  was  e l u t e d  w i t h  500  m l .  M/lO p e r c h l o r i o  a c i d  s o l u t i o n .
D o u b l e  t h e  t h e o r e t i c a l  w e i g h t  o f  r e s i n  was  u s e d  t o  e n s u r e  t h a t
no f r e e  p e r c h l o r i o  a c i d  a p p e a r e d  i n  t h e  e f f l u e n t .  A c o l u m n ,
^ C i( o  ss S e c U o n
50 cms .  x  10  *4pcmi« was  u s e d  w i t h  a f l o w  r a t e  o f  100  ml .
p e r  h o u r .  F u r t h e r ,  t o  e n s u r e  t h e  a b s e n c e  o f  f r e e  p e r c h l o r i c  
a c i d ,  t h e  e f f l u e n t  was  p a s s e d  t h r o u g h  s e v e r a l  c o lu m n s  o f  f r e s h  
o o p p e r  f o rm  r e s i n ,  t h i s  b e i n g  u s e d  a s  s t o c k  s o l u t i o n  t h r o u g h o u t  
t h e  wor k .  Copper  was  e s t i m a t e d  by  s t a n d a r d  sod iu m  t h i o s u l p h a t e  
m e t h o d .
2H+ + 2C10,  “  + C u -----------»■ 2H + Cu2+ + 2CI0,  “4  4
As f o r  c o p p e r ,  t h e  N ^ C l O j / g  s o l u t i o n  was  p r e p a r e d  by  
i o n - e x c h a n g e  method  on p a s s i n g  p e r c h l o r i c  a c i d  t h r o u g h  t h e  
n i c k e l  f o rm r e s i n  i n  t h e  c o lu m n .
E s t i m a t i o n  o f  N i c k e l
N i c k e l  was  e s t i m a t e d  b y  b a c k  t i t r a t i o n  u s i n g  t h e  d i s o d i u m  
s a l t  o f  e t h y l e n e d i a m i n e  t e t r a a c e t i c  a c i d ( E , D . T . A , ) w i t h  E r i o — 
chrome B l a c k  T a s  an i n d i c a t o r  a t  pH = 10', u s i n g  a b o u t  4 . 0  m l .  
o f  ammonia/ammoni&t tt chlor ide  b u f f e r  s o l u t i o n .  The E . D . T . A .  
s o l u t i o n  was  p r e v i o u s l y  s t a n d a r d i s e d  a g a i n s t  0 . 0 1 6 8M  z i n c -  
s u l p h a t e  s o l u t i o n .  E x c e s s  o f  E . D . T . A ,  s o l u t i o n  was  added  t o  t h e  
d i l u t e d  s o l u t i o n  o f  n i c k e l  p e r c h l o r a t e  and was  t i t r a t e d  a g a i n s t  
0 .0 1 6 8 M  ZnSO^ s o l u t i o n  u n t i l  t h e  c o l o u r  o h a n g e d  f r om  b l u e  t o  
w i n e - r e d  [ 2 1 ] .
S y s t e m  S t u d i e d
5 0 . 0  Ml ,  s o l u t i o n  a t  t h e  r e q u i r e d  d i l u t i o n s  w e r e  made 
by  u s i n g  a g r a d e  "A Micro  B u r e t t e ” , and t i t r a t e d  a g a i n s t  0 . 13 72 M  
NaOH s o l u t i o n .  The n i c k e l  s o l u t i o n s  were  t i t r a t e d  u n t i l  p r e ­
c i p i t a t i o n  o c c u r r e d ;  h o w e v e r ,  h i g h e r  amine b u f f e r  c o n c e n t r a t i o n s  
w e r e  a l s o  u s e d  o n l y  t o  s t u d y  i t s  e f f e c t s  upon t h i s  p r e c i p i t a ­
t i o n ,  To o b t a i n  l o w  pH v a l u e s ,  i n  one  c a s e  ( l  Cu : 10  TeaH+ ) ,  
t h e  Tea ( 0 . 1 0 9 3 M )  was  i t s e l f  u s e d  a s  t i t r a n t .
Nickel Perchlorate
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TABLE 8
Cupric Perchlorate — TeaHCIO, Mixtures
    _  .    k _____________
Volume 1  : 1 1 : 3 i 1  : 10 ; Volume 1 : 10
NaOH pH PH ; PH Tea pH
0. 00 4 . 3 0 4 . 2 7 4 . 1 2 0.00 4 . 1 5
0 . 5 0 5 . 6 5 5 . 3 6 4 . 8 9 0 . 5 0 4 . 7 9
1 . 0 0 5 . 9 9 5 . 7 2 5 - 2 9 1 . 0 0 5 . 1 6
1 . 5 0 6 . 1 7 5 . 9 3 5 . 5 8 1 . 5 0 • 5 . 4 2
2 . 00 6 . 3 6 6 . 1 2 5 . 8 2 2. 00 5 . 6 3
2 . 5 0 6 . 5 3 6 . 2 9 6 . 0 3 2 . 5 0 5 . 8 3
3 . 0 0 6 . 7 6 6 . 5 0 6 . 2 6 3 . 0 0 6 . 0 1
3 . 5 0 7 . 0 3 6 . 7 7 6 . 5 0 3 . 5 0 6 / 1 9
4 . 0 0 7 . 3 7 7 . 0 8 6 . 7 0 4 . 0 0 6 . 3 8  ;
4 . 5 0 7 . 8 0 7 . 3 5 6 . 8 8 4 . 5 0 6 . 5 3
5 . 0 0 8 . 3 1 7 . 5 9 7 . 0 1 5 . 0 0 6 . 7 0  ,
5 . 5 0 9 . 2 4 7 . 7 8 — 5 . 5 0 6 . 8 2
6 . 0 0 1 0 . 6 3 7 . 9 6 7 . 2 3 6 . 0 0 6 . 9 3  !
6 . 5  0 1 1 . 0 9 8 . 1 2 — 6,  50 7 . 0 1  ;
7 . 0 0 1 1 .  31 8 . 3 0 7 . 4 1 7 . 0 0 7 . 1 0
8 . 0 0 1 1 . 5 9 8 . 7 2 7 . 5 6 8 . 0 0 7 . 2 3  ■
9 . 0 0 1 1 . 7 3 9 . 7 0 7 . 6 9 9 . 0 0 7 . 3 5  ’
1 0 . 0 0 1 1 . 8 6 1 1 . 1 1 7 . 8 0 1 0 . 0 0 7 . 4 4  ■
1 1 . 0 0 1 1 . 9 3 1 1 . 5 0 7 . 9 0 1 1 . 0 0 7 . 5 1
1 2 . 0 0 1 1 . 9 8 1 1 . 6 8 8 . 0 0 1 2 . 0 0 7 . 5 8  ;
1 3 . 0 0 1 2 . 0 3 1 1 . 8 1 8 . 0 9 1 3 . 0 0
1 4 . 0 0 1 2 . 1 0 1 1 . 9 0 8 . 2 1 1 4 . 0 0 7 . 6 9  >
1 5 . 0 0 8 . 3 0 1 5 . 0 0 **" 1
1 6 . 0 0 1 2 . 2 2 ro • 0 -^j 8 . 4 0 1 6 . 0 0 7 . 7 8  i
1 7 . 0 0 — 8 . 5 1 1 7 . 0 0  1 _  i
1 8 . 0 0 1 2 . 3 0 1 2 . 1 5 8 . 6 3 1 8 . 0 0  i 7 . 8 5  |
1 9 . 0 0 - f._ 8 . 8 0 1 9 . 0 0
1Ij
2 0 . 0 0 1 2 . 3 4 1 2 . 2 2 9 . 0 0 2 0 . 0 0  ; 7 . 9 1
2 2 . 0 0 1 2 . 3 9 1 2 . 2 9 9 . 7 8 2 2 . 0 0  1 7 . 9 6
2 4 . 0 0 1 2 . 4 2 1 2 . 3 5 1 1 . 1 8 2 4 . 0 0  i 8 . 0 1 !
2 6 . 0 0 1 2 . 4 8 1 2 . 3 9 1 1 . 6 3 26. 00 8 . 0 5
2 8 . 0 0 1 2 . 5 1 1 2 . 4 1 1 1 . 8 3 2 8 . 0 0  ! 8 . 1 0
3 0 . 0 0 1 2 . 5 3 1 2 . 4 3 1 1 . 9 7 3 0 . 0 0  ! 8 . 1 3
3 2. 00 — 1 2 . 0 7 32. 00  ! 8 . 1 8
3 5 . 0 0 1 2 . 5 9 1 2 . 5 0 1 2 . 1 6 3 4 . 0 0  ! 8 . 2 1
4 0 .  00 — 1 2 . 5 4 1 2 . 2 7
m.
4 0 . 0 0  1 8 .  28
No precipitation occurred with this system
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C u p r i c  P e r c h l o r a t e  -  DeaHCIO, M i x t u r e s
-     A
TABLE 9
1372N NaOH \ 0 . 0644Nr... I ... ^
Volume
i\t« nu
1...........-  - HaOH
1  : 10 1 * 3 > 1 : 2L ... ... . 1  : 10iM a Uii pH pH PH pH
0. 00 4 . 3 4 4 . 38 4 . 4 3 2 . 6 0
0 . 5 0 5 . 7 3 6. 08 6 . 2 0 }
1 . 0 0 6 . 0 4 6 . 3 9 6 . 4 8 2 . 7 7
1 . 5 0 6 . 2 9 6 . 5 9 6 , 6 3 —
2 . 0 0 6 . 4 9 6 . 7 5 6 . 80Aroi 3 . 0 8
2 . 5 0 6 . 7 0 6 . 9 3  / 6 . 9 7 0)w
3. 00 6 .88 7 . 1 6 O«H 1 •P Orci
r—l 4 . 62
3 . 5 0 7 . 0 7 7 . 4 5 7 . 5 6
no —
4»00 7 . 2 9 7 . 7 9
3 & 0 
i—1 rc) co — 5 . 1 1
4 . 5 0 7 . 5 0 8 . 08 o £>>{>>CO !
CO•
OO >>
»
!
5 . 0 0 7 . 6 8 8 . 31  v;/ — 6 . 0 7
5 . 5  0 7 . 8 7 -  y* , 8 . 8 7 O —
6. 00 8 . 0 1 8 . 7 0 •H2 9 * 06 •rl•P 6 . 2 6
6 . 5 0
7 . 0 0
8 . 1 1
8 . 2 5 9 . 0 1  -v
rdrHO 
CDOri 
/fH Wp
9* 34  
9*60
3t—1
O 6 . 4 2
8. 00 8 . 4 3 9 . 4 1 1 0 . 7 0s c0r 6 . 6 0
9 .00 8 . 5 9 1 0 ' 23 1 1 . 2 8  'S
1 1 . 2  7/ 6 . 7 7
1 0 . 0 0 8 . 7 3 1 1 * 5 0 6 . 9 2
1 1 . 0 0 8 . 8 5 1 1 . 6 0  'ii - —
1 2 . 0 0 8 . 9 8 1 1 . 7 9  ' O 1 1 . 8 6 umi J 7 . 3 0
1 3 . 0 0 9 . 0 9 1 1 . 8 7 _
cd
0) _
1 4 . 0 0 9 . 1 9 1 1 . 9 4 - Ho 7 . 6 5
1 5 . 0 0 9 . 3 0 1 2 . 1 0 —
1 6 . 0 0 9 . 4 0 1 2 . 0 9 — 7 . 9 2
1 7 . 0 0 - - 1 2 . 20
1 8 . 0 0 9 . 6 8 1 2 . 1 7 — 8 . 1 5
1 9 . 0 0 - —
20. 00 1 0 . 0 2 1 2 . 2 3 1 2 . 3 0 8 . 3 2
2 2 . 0 0 1 0 . 70 1 2 . 2 9 _  1
24 .0 0 1 1 . 5 6 1 2 . 3 3 1 2 . 3 9 8 . 6 2
26 . 0 0 1 1 . 7 9 1 2 . 3 5 - —
28. 00 1 1 . 9 6 1 2 . 3 9 —
30.00 1 2 . 0 6 1 2 . 4 0 1 2 . 4 5 v / 8 . 9 5
32. 00 1 2 . 1 2 1 2 . 4 2 — ~
3 5 . 0 0 1 2 . 2 1 1 2 . 4 7 — 9 . 2 0  !
4 0 . 00 1 2 . 3 0 — 9 . 4 5  J
At pH 58" 13 /  e v e n  1 : 1 r a t i o  was  c l e a r  and  
p r e c i p i t a t i o n  r e d i s s o l v e d
TABLE 10
Cupric Perohlorate - MeaHClO^ Mixtures
Volume
NaOH
^----- 0 . 1 3 7 2 N  NaOH s- 0.0644N NftOH
1 : 1 0
pH
1 : 5
pH
1 : 1 0
pH
0 . 0 0
0 . 5 0
1 . 0 0
1 . 5 0  
2 . 0 0
2 . 5 0  
3 .0 0
3 . 5 0  
4» 0 0
4 . 5 0  
5.00 
6 . 0 0  
7 . 0 0  
8 . 0 0  
9 . 0 0
10.00
1 1 . 0 0
12.00
13.00
14.00
15.00
16.00
18.00
2 0 . 0 0
2 2 . 0 0
24.00
26.00
2 8 . 0 0
3 0 .0 0
32.00
3 5 . 0 0
40.00
4 . 3 2
5 . 9 5  
6 . 2 9  
6 . 5 2  
6 . 7 0  
6 . 8 9  
7 . 1 1  
7 . 3 5  
7.62
8 . 1 3
8 . 4 8
8 . 7 5
8 . 9 8
9 . 1 4  
9*29  
9 . 4 1  
9 . 5 2  
9 . 6 3  
9.-75  
9 . 8 5
9 . 9 5  
1 0 . 1 9  10.50 
10.98 
1 1 . 5 3  11.80 
11.96 
12 .06 
1 2 . 1 4  
1 2 . 2 3  
1 2 . 3 3
/V
w
•P  I 
•S3 O <D bDfc 1 0  
‘H<tf i>i 
rH S>jrH
WrC}
Ucd
0
O
4 . 4 5
6.21
6 . 4 9
6.67
6 . 7 8
6 . 9 1
7 . 1 7
7 . 9 0
8 •  48 
8 . 7 9  
9 . 0 0  
9 . 3 2  
9.62 
9 . 9 6  
1 0 . 4 3  11.18 
11.56 
1 1 . 7 4  11.88 
11.96
1 2 . 0 9  
1 2 . 1 8  
1 2 . 2 4  
12.  30 
12.32  
12.  36 
1 2 . 4 0  
1 2 . 4 3
12.50
- 1
Sh r d
o 0
I *H CO
j *P
1 d H 
; H O 
O ^
; CQ r t f1
/ S h  tf £j 
! rtf i-i O 
i 0 O *H 
, V u co -p
P
cd
0
H
o
2 . 4 3
2 . 6 5
*■*
2 . 9 7
4 . 9 0
5 .  96
6 . 2 8
6.46
6 . 6 1  
6 . 7 8  
6 . 9 9  
7 . 2 4
7 . 5 4  
8 . 0 4  
8 . 1 1  
8 .  30  
8 . 4 5
8 . 5 5  
8 . 7 4  
8 . 9 5  
9 . 1 3  
9 . 2 6  
9 . 3 9  
9 . 5 1
9 . 6 1  
9 . 7 0  
9 . 8 2
1 0 . 0 7
At pH 2= 1 3 ,  1 ! 2 r a t i o  was  c l e a r  and t h e
p r e c i p i t a t i o n  r e d i s s o l v e d
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N i c k e l  P e r c h l o r a t e  -  TeaHCIO, M i x t u r e s
1 ■ ■— ——  mm,............. . ...................     . . .    i n. .     i T .i ............... ...................... ...........
TABLE 11
Volume 1 : 2 1 : 3 1 : 10 1 : 100
NaOH pH pH pH pH
0 . 0 0 3 .4 5 3 .41 3 . 6 0 4 . 8 6 \  ij
0 . 5 0 6.50 6 .2 9 5 . 8 8 5 . 1 4
1 . 0 0 7 . 0 4 6 .8 1 6 .3 1 5 . 3 3
1 . 5 0 7 . 4 0 7 . 1 3 6 . 5 9 5 . 5 0
2 . 0 0 7 . 6 9 7 .3 9 6 . 8 0 5 .6 1
2 . 5 0 7.96 7 . 6 0 6 .9 5 5 .7 1
3 . 0 0 8.23 7 . 8 0 7 . 0 9 5 .8 1
3 .5 0 8 . 5 1 7 .9 8 7 . 2 0 5 . 9 0
4 . 0 0 8.75 8 .1 6 7 . 3 0 5 . 9 7
4 . 5 0 8 .8 2 >d 8 .3 7 7 . 3 9 6 .0 2
5 . 0 0 8 . 9 6 P
aid
CD
8 .5 8 7 .4 8 6 .0 7
5 . 5 0 8 . 7 4 6 .11
6 .0 0 9 . 2 0 OH 8 .8 8 7 .6 1 6 . 1 5
6 . 5 0 - 'HO-pw
<dw
8 .9 7 — 6.21
7 . 0 0 1 0 . 0 0 9 .0 9 7 . 7 4 6.26
8 . 0 0 1 1 . 3 0 -PH•Hd 9 .4 1 p 7 .8 6 6 . 3 3
9 . 0 0 1 1 .6 8 Pfl) •H U O
1 0 .4 1 0•H 1
-PCD
7 .9 7 6 . 4 0
1 0 . 0 0 1 1 . 8 5 1 1 . 3 6 8 . 0 9 6 .4 511.00 <DPuo - -P CD 8 . 1 8 6 . 5 0 , p0
1 2 . 0 0
1 3 . 0 0
V 1 1 . 7 3 POH
*HdO
8 . 2 9 6 .54^s C i v  t*o6 . 59iH p
14.00 0 w (DftfW 8 .5 1 6 . 6 2 ° 0
1 5 . 0 0 ?-»£H 6* 68
16.00 ✓Prfd 8 . 8 0 6.70 -p
118.00j 9-05 6 .77
120.00I 9 .4 7 6.83
122.00 1 0 .6 1 6 .9 1
j2 4 . 0 0 1 1 . 6 3 6 . 9 4
126.00 1 1 .9 1 7 . 0 4
128.00 1 2 .0 5 7 .1 2
|30.00 1 2 . 1 5 7 .1 8
;32.oo 1 2 . 2 0 1*h p
PmO
7 . 2 5
•34.00 1 2 .2 5 7 .2 9
136.00 1 — »H *H C -P 7 . 3 3
140.00)1
a) cd 
n^ i-p rp1
7 .4 2 \ r
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TABLE 12
Nickel Perchlorate - (A) DeaHClO^ and (B) MeaHClO^ Mixtures
/ A \ ______ s'. ■ ( H  \ ,\ A ) v v. B / /
| Volume 1 : 3 1  : 10 1 : 10 0 1 : 100 1 : 10
NaOH ( 0 . 0 6 4 4 N )
pH pH pH pH PH
0 . 0 0 3 . 5 9 3 . 5 0 4* 36 / S 3 . 1 6 3 . 3 2
0 . 5 0 7 . 4 1 6 . 8 5 5 . 4 2 5 . 7 0 / 5 .  65
1 . 0 0 7 . 9 8 7 . 3 9 5 . 7 8 6 . 1 8 7 . 0 6
1 . 5 0 8 . 2 9 7 . 6 8 6 . 0 3 6 . 4 3 7 . 4 0
2 • 00 8 . 4 8 7 . 8 6 6 . 2 2 6 . 6 5 7 . 6 1
2 . 5 0 8 . 6 1 8 . 0 2 6 . 38 6 . 8 3 7 . 7 8
3 . 0 0 8 . 7  3 8 . 1 6 6 . 5 0 7 . 0 0 7 . 9 0
3 . 5 0 - 8 . 2 9 6 . 6 0 7 . 1 2 8 . 0 1
4 . 0 0 8 . 9 0 8 . 3 9 6 . 6 9 7 . 2 8 8 . 1 0
4 . 5 0 — 8 . 4 7 6 . 8 0 7 . 3 9 8 . 1 8
5 . 0 0 9 . 0 9 £o 8 . 5 3 6 . 8 9 7 . 5 0 8 . 2 5
5 . 5 0 — •H — — 7 . 6 1 8 . 3 2
6 . 0 0 9 . 3 0
40
cd 8 . 6 9 7 . 0 2 -P3 7 . 6 5 8 . 3 9
6 . 5 0 - -P•rl - „  u 0cd pd 1 , 1 5 -P 8 . 4 47 . 0 0 9 . 5 5 Pi 8 . 8 1 7 . 1 3  ® 110 7 . 8 1 1 8 . 5 0
8 . 0 0 9 . 9 0 •HO 8 . 9 1 d 7 . 2 5  3  g 7 . 9 4  SS 8 .  60
9 . 0 0 1 0 . 6 0 0 9 . 0 1 O♦H 7 . 3 7 u 8 . 0 2  ®g 8 . 7 0
1 0 . 0 0 1 1 . 4 5 P 9 . H •Pcd
-P
7 . 4 5 •p 8 . 1 0 8 . 7 9 1
H1 1 . 0 0 1 1 . 7 8 9 . 2 0 7 . 5 6 8 . 1 7 r d+> 8 . 8 6
1 2 . 0 0 \ f 9 . 2 9 •HP 7 . 6 7 8 . 2 1 8* 93  £ g
1 3 . 0 0 9 . 3 8 7 . 7 3 8 . 2 8 9 . 0 0  c n
1 4 . 0 0 9 . 4 5
U
0 7 . 7 9 8 . 3 1 9 . 0 6
1 5 . 0 0 9 . 5 3 up 7 . 8 3 8 . 3 6 — P-P
1 6 . 0 0 \ 7 . 8 4 8 . 3 8 9 . 1 8 ii
1 7 . 0 0 — — N/
1 8 . 0 0 7 . 9 1 8 . 4 8
'2 0 . 0 0 8 . 0 1 8 . 5 3
2 2 . 0 0 8 . 0 7 8 . 6 0
2 4 . 0 0 8 . 1 5 8 . 6 5
2 6 . 00 8 . 2 0 8 . 7 0
2 8 . 0 0 8 . 2 3 8 . 7 6
30.00 8 . 3 0  v 8 . 8 0
3 2 . 0 0 8 . 3 4 f
3 5 . 0 0 8 . 4 0
\
F IG - 4  ¥ *
-  53 -
F IG - S .
-  5 5  -  
F IG - (3.
FIG - 7 .
f i g - 8  .
F I G - 9 .
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3* CONDUCTIMETRY
When t h e  c o p p e r  fo rm  r e s i n  was  i m m er se d  i n  e a c h  o f  t h e  
a q u e o u s  e t h a n o l a m i n e  s o l u t i o n s ,  a c o n s i d e r a b l e  Amount o f  c o p p e r  
was r e l e a s e d  i n t o  t h e  s o l u t i o n  p h a s e ,  p r o d u c i n g  a d e e p —b l u e  
s o l u b l e  o o p p e r  c o m p l e x .  S i n c e  t h e  copper  e t h a n o l a m i n e  c o m p l e x e s  
p r e f e r  t h e  s o l u t i o n  p h a s e ,  t h e  i n i t i a l  s t a g e  o f  t h e  s y s t e m  i s  :
R e s i n  p h a s e  S o l u t i o n  p h a s e
2 R ------------ Cu2+ Ea ,  H2 0 ,  EaH+
HgO OH"
and t h e  r e l e a s e  o f  t h i s  c o p p e r  must  be  due  t o  t h e  e x c h a n g e
r e a c t i o n  :
HgO + R --- |Cu + nEa = R --- Ea+ + [|Cu(Ea) .]+ OH- ;
a l t h o u g h ,  t h e  n a t u r e  o f  t h e  c o p p e r  c o m p l e x e s  i n  t h e  b r a c k e t  i s  
unknown.  T h e s e  f o rm  a c o m p l e x  s y s t e m  and t h e  v a r i o u s  c o m p l e x e s  
p r e s e n t  c a n n o t  be  d i s t i n g u i s h e d  by  r e s i n  e x p e r i m e n t s  a l o n e .
I t  was  c o n s i d e r e d  t h a t  c o n d u c t i m e t r i o  s t u d i e s  w ou ld  p r o d u c e  
u s e f u l  i n f o r m a t i o n ,  s i n c e  no a n i o n s  o t h e r  t h a n  0H*~ ha ve  b e e n  
i n t r o d u c e d ,  and t h e  o n l y  c o n d u c t i n g  s p e o i e s  t h a t  can be  p r e s e n t  
i n  t h e s e  s o l u t i o n s  a r e  E a + , OH and any  c h a r g e d  c o p p e r  c o m p l e x e s .  
W it h  m o n o e t h a n o l a m i n e ,  t h e  e v i d e n c e  f o r  a n e u t r a l  m o l e c u l e  
( CuEa^(OH)2 ) °  h a s  a l r e a d y  b e e n  g i v e n  by  C. W. D a v i e s  and V.
P a t e l  [ 1 9 ] ,  b u t  a l o n g  w i t h  t h i s  n e u t r a l  s p e o i e s ,  m i x e d  c o m p l e x e s
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m i g h t  be  e x p e c t e d  t o  be  p r e s e n t  ( n o t  o n l y  w i t h  m o n o e t h a n o l a m i n e  
but a l s o  w i t h  d i — and t r i e t h a n o l a m i n e s ) 0 To t e s t  t h i s  h y p o t h e s i s ,  
c o n d u c t i m e t r i c  t i t r a t i o n s  w e r e  c a r r i e d  o u t  w i t h  e a c h  o f  t h e  
c o p p e r  e t h a n o l a m i n e  s y s t e m s  a g a i n s t  sod ium h y d r o x i d e  s o l u t i o n .
The n i c k e l  f o rm  r e s i n  d o e s  n o t  b e h a v e  l i k e  t h e  c o p p e r  r e s i n ,  b u t  
w i t h  h i g h e r  c o n c e n t r a t i o n s  o f  m o n o e t h a n o l a m i n e  s o l u t i o n  a s m a l l  
amount  o f  n i c k e l  was  r e l e a s e d  i n t o  t h e  s o l u t i o n  p h a s e .  The 
N i ( l l ) - m o n o e t h a n o l a m i n e  s y s t e m  was s t u d i e d  c o n d u c t i m e t r i c a l l y  
a s  d e s c r i b e d  f o r  c o p p e r .
E x p e r i m e n t a l
For  c o n d u c t i m e t r i c  s t u d i e s ,  t h e  c o n v e n t i o n a l  W h e a t s t o n e  
b r i d g e  method was  e m p l o y e d  f o r  t h e  m e a s u r e m e n t  o f  r e s i s t a n c e .
The f o u r  arms o f  t h e  b r i d g e  w e r e  made up f r o m  t h e  f o l l o w i n g  
c o m p o n e n t s :  ( i )  t h e  c o n d u c t i v i t y  c e l l ,  ( i i )  a n o n - i n d u c t i v e
d e c a d e  r e s i s t a n c e  b o x ,  and ( i i i )  and ( i v )  a m e t e r  s l i d e  w i r e  
b r i d g e  o f  P t -C u  a l l o y  w i t h  e x t e n s i o n  p i e c e s ,  e a c h  o f  1H I  f i v e  
t i m e s  t h e  r e s i s t a n c e  o f  t h e  s l i d e  w i r e ,  a t  e i t h e r  e n d .  A 
s l i d i n g  c o n t a c t  c o n s i s t e d  o f  a g l a s s  b l o c k  w i t h  t h i n  w i r e ,  and  
an "Airmec" ( 1 5 0 0  c . p . s . )  o s c i l l a t o r / d e t e c t o r  wq$©i u s e d  f o r  
r e a d i n g  p u r p o s e s .  The c a l i b r a t e d  c o n d u c t i v i t y  c e l l  c o n s i s t e d  
o f  v e r t i c a l  e l e c t r o d e s  s e a l e d  t h r o u g h  t h e  s i d e s  o f  a h a r d  g l a s s  
v e s s e l  o f  a b o u t  2 5 0 . 0  c . c .  c a p a c i t y .  A l l  t h e  m e a s u r e m e n t s
—6 1 —
were carried out in a thermostat at 23*0° i 0„2OC. For the 
measurement of high resistances, one extension arm of the bridge 
was short circuited.
Preparation of Stock Solution and Resistance Measurements
To avoid too great an excess of free amine about 5*0 gm ♦ 
of copper form resin was eluted with about 230 ml. of approx.
0.1M amine solutions in the column (while nickel form resin 
was eluted with approx* 1M monoethanolamine solution) and 
the eluate diluted to 1 litre; the concentrations of copper, 
nickel and amine were determined. 100 Ml. of each stock 
solution was further diluted with 100 ml. of deionised water in 
the conductivity cell and titrated against standard 0.1372M 
sodium hydroxide solution (0.2 ml. at a time up to 3*0 ml. and 
0.5 ml. subsequently) and the conductivity measured after each 
addition. Further, solutions containing the same concentrations 
of amine but no metal ions were also prepared and the conductiv­
ity compared in similar titrations.
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TABLE 13  
C o n d u c t i m e t r i e  T i t r a t i o n s
Volume Cu(II) - Tea systein____ Cu(ll) - Pea System i
Na0H j ( A ) 1 o V r  ~  ( B ) 1 C P / R  " ( A ) 1 0 ? / R  j ( B ) I o V b .  i
t
0 . 0 0  
0.20 
0.40 
0 . 6 0  
0.80 
1 . 00  
1.20 
1.40 
1 . 6 0  
1.80 
2.00 
2 . 2 0
2 . 4 0  
2 . 6 0  
2.80 
3 . 0 0
3 . 2 0
3 . 4 0  
3.60
3 . 8 0  
4 . 0 0
4 . 2 0
4 . 4 0  
4 .  60
4 . 8 0  
5 . 0 0
I 5 . 5 0  
6 . 0 0
6.50  
7 . 0 0
i 7 . 5 0  
8 . 0 0
8 . 5 0  
9 . 0 0
I 9 . 5 0  
i 1 0 . 0 0  
1 1 . 0 0  
12.00
13.00
1 4 . 0 0
1 5 . 0 0
0 . 0 7 4 8
0 . 1 1 3 9
0 . 1 7 2 9
0.2 50 8
0 . 3 3 7 7
0 . 4 3 0 6
0.5250
0.6200
0 . 7 1 5 0
0 . 8 1 0 4
0 . 9 0 5 3  
1 . 0 0 0  
1 . 0 9 5  
1 . 1 9 0  
1 . 2 8 4  
1 . 3 7 9
1 .H 7 3  
1 . 5 6 7  1.661 
1 . 7 5 4  
1.848 
1 . 9 4 2  
2 . 0 3 3  
2 . 1 2 3  
2 . 2 0 8  
2 . 3 0 4  
2 . 5 3 8  
2 . 7 7 0  
2 . 9 9 4  
3 . 2 2 6  
3 • 44 8  
3 . 6 7  6 
3 . 8 9 1  
4 . 1 1 5  
4 . 3 2 9  
4 . 5 4 5  5.000 
5 . 4 3 5  
5 . 8 8 2  
2 . 2 8 9  
6 . 7 1 1
0 . 0 7 2 0 7
0 . 0 9 4 5 0
0 . 1 3 2 4
0 . 1 8 8 5
0 . 2 5 4 2
0 . 3 2 4 6
0 . 3 8 7 4
0 . 4 7 1 5
0 . 5 4 5 50.6211
0 . 6 9 7 4
0 . 7 7 3 9
0 . 8 5 0 9
0 . 9 2 9 1
1 . 0 0 51.082
1 . 1 5 71.236
1 . 3 1 4
1 . 3 9 3
1 . 4 7 1
1 . 5 5 0
1 . 6 2  9 
1.706  
1.786  
1 . 8  6 6
2 . 0 62  
2 . 2 6 2  
2 . 4 6 9  
2 . 6 7 4  
2 . 8 8 2  
3 . 0 8 6  
3 . 2 8 9  
3 . 4 9 7  
3 . 7 0 4  
3 . 9 0 6  
4 . 3 2 9  
4 . 7 3 9
5 . 1 5 5
5 . 5 8 7  
5 . 9 8 8
0 . 2 1 3 1  i 
0 .2 5 1 8  I
O. 2 9 6 5
0 . 3 4 9 8  
0 . 4 1 0 2  
0 . 4 7 7 5  
0 . 5 6 8 8  
0 . 6 2 5 1  
0 . 7 0 1 3
0 . 8 1 0 4  
0 . 9 0 3 8
0 . 9 4 5 0  
1 1 . 0 8 3
; 1 . 1 7 5
1 . 2 5 8  
1 1 . 3 6 1  
; 1 . 4 4 9
1 . 5 4 6  
1 . 6 3 9  
1 . 7 3 3  
1 . 8 2 8  
1 . 9 0 8  
2 . 0 0 4  
2.096 
2 . 1 8 8  
2 . 2 7 8  
2 . 5 0 6  
2 . 7 3 2  
2 . 9 5 9  
3 . 1 8 5  
3 . 4 1 3  
3 . 6 3 6  
3 . 8 6 1
4 . 0 8 2  
4 . 2 9 2  
4 .  505  
4 . 9 5 0  
5 . 4 0 5  
5 . 8 4 8  i 
6 . 2 5 0  
6 . 6 6 7  :
0 . 0 9 4 8 7
0 . 1 2 7 9
0 . 1 7 0 3
0 . 2 2 8 6
0 . 2 9 1 3
0 . 3 5 9 7
0 . 4 3 1 8
0.5040
0 . 5 8 0 7
0 . 6 5 7 1
0 . 7 3 5 7
0 . 8 1 7 1
0 . 8 9 7 8
0 . 9 7 7 6  
I . 05 6  
1 . 1 3 4  
1 . 2 1 5  
1 . 2 9 5  
1 . 3 7 6  
1 . 4 5 6  
1 . 5 3 6
1 .  616
1 . 698 
1 . 7 7 9  
1 . 8 5 9  
1 . 9 3 8  
2 , 1 4 6  
2 . 3 5 3  
2 . 5 5 8
2 . 762 
2 . 9 6 7  
3 . 1 7 5  
3 . 3 7 8  
3 . 5 9 7  
3 . 8 0 3  
4.016 
4 . 3 4 8  
4 . 7 6 2
5 . 1 5 5
5 . 5 8 7
/* ^  -b3--
TABLE 14 
Conductimetric Titrations
Volume
NaOH
Cu(ll) - Mea system Ni(ll) — Mea system
1 0 3 / r  (A) i o 3 / r ( b )
------------- ---------------
'—✓&K*\OH 1 0 3 / r ( b )
1 .
0 . 0 0 0 ; 5 3 5 0 0 . 3 9 7 5 2 . 2 3 7 2 . 0 4 1
0 . 2 0 0 . 5 7 9 8 0 . 4 3 8 8 2 . 2 8 3 2 . 07 9
0 . 4 0 0 . 6 2 8 5 0 . 4 8 5 2 2 . 3 2 0 2 . 1 1 9
0 . 60 0 . 6 8 1 1 0 . 5 3 5 6 2 . 3 6 4 2 . 1 6 0
0 . 8 0 0 . 7 4 8 0 0 . 5 9 1 4 2 . 4 1 0 2 . 2 0 3
1 . 0 0 0 . 7 9 6 9 0 . 6 5 1 5 2 . 4 5 7 2 . 2 4 7
1 .  20 0 . 8 5 3 1 0 . 7 1 6 8 2 . 5 0 0 2 . 2 8 8
1 . 4 0 0 . 9 2 7 6 0 . 7 8 6 2 2 . 5 4 5 2 . 3 3 6
1 • 60 0 . 9 9 6 0 0 . 8 5 8 4 2 . 5 9 1 2 . 3 8 1
1 . 8 0 I . 0 6 7 0 . 9 3 2 8 2 . 6 3 9 2 . 4 2 7
2 . 0 0 1 . 1 4 2 1 . 0 1 0 1 2 . 6 8 8 2 . 4 7 5
2 .  20 1 . 2 2 0 1 . 0 9 0 5 2 . 7 4 0 2 . 5 2 5
2 . 4 0 1 . 2 9 7 1 . 1 7 2 2 . 7 8 6 2 . 5 7 1
2 . 6 0 1 . 3 7 6 1 . 2 5 4 2 . 8 4 1 2 . 6 2 5
2 . 8 0 1 . 4 5 6 1 . 3 3 8 2 . 8 9 0 2.  675
3 . 0 0 1 . 5 3 8 1 . 4 2 6 2 . 9 4 1 2 . 7 2 5
3 . 2 0 1 . 6 2 3 1 . 5 1 3 2 . 9 9 4 2 . 7 7 8
3 . 4 0 1 . 7 0 6 1 .  600 3 . 0 4 9 2 . 8 2 5
3 . 6o 1 . 7 8 9 1 . 6 8 9 3 . 1 0 6 2 .  882
3 . 8 0 1 . 8 7 6 1 . 7 7 6 3 . 1 6 5 2 . 9 4 1
4 . 0 0 1 . 9 5 7 1 . 8 6 6 3 . 2 1 5 2 . 9 9 4
4 . 2 0 2 . 0 4 1 1 . 9 5 6 3 . 2 7 9 3 . 0 4 9
4 . 4 0 2 . 1 2 8 2 . 0 4 5 3 . 3 3 3 3 . 1 0 6
4 . 6 0 2 . 2 1 2 2 . 1 3 2 3 . 3 9 0 3 . 1 6 5
4 . 8 0 2 . 2 9 9 2 .  222 3* AA8 3 . 2 2 6
5 . 0 0 2 . 3 8 7 2 . 3 1 5 3 . 5 0 9 3 . 2 7 9
5 . 5 0 2 • 611 2 . 5 4 4 3 . 6 6 3 3 . 4 3 6
6 . 0 0 2 . 8 3 3 2 . 7 7 0 3 . 8 0 2 3 . 5 8 4
6 . 5 0 3 . 0 5 8 2 . 9 9 4 3 . 9 6 8 3 . 7 4 5
7 . 0 0 3 . 2 7 9 3 . 2 2 5 A . 132 3 . 9 0 6
7 . 5 0 3 . 4 9 7 3 . 4 4 8 A . 292 4 . 065
8 . 0 0 3 . 7 1 7 3 . 6 7 6 A. A6A 4 . 2 3 7
8 . 5 0 3 . 9 3 7 3 . 9 0 6 A. 630 4 . 4 0 5
9 . 0 0 4 . 1 6 7 4 . 1 3 2 A . 785 4 . 5 8 7
9 . 5 0 4 . 3 8 6 4 . 3 4 7 A. 950 4 . 7 6 2
1 0 . 0 0 4 .  608 A • 566 5 . 1 2 8 4 . 9 2 6
1 1 . 0 0 — — 5 . A 9 5 5 . 2 9 1
1 2 . 0 0 — — 5 .  8A8 5.  650
1 3 . 0 0 — — 6 . 2 1 1 6.  0 2 4
1 4 . 0 0 — — 6 .  536 6 . 3 6 9
1 5 . 0 0 — 6 . 8 9 7 6 . 7 5 7
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- 6 5  -
—  6 6  — *
-  6 7
7.
6 - 0
F I © - 1 3 .
Ni(ff) -  M o n o d th o n o la m in e
A s  lOOml.t0 .0 0 0 7 5 7 M.Ni +  0.2315 M.Mea.)
•HOOml. RjO.
B :  IO O joI»(0.2©I5 -V IO O r I.H j O.
2
5 0
1 0
R
4 * 0  *
3 .0
2 . 0
15.0
- 6 8 -
The p r e s e n t  i n v e s t i g a t i o n  was  u n d e r t a k e n  t o  o b t a i n  more  
i n f o r m a t i o n  r e g a r d i n g  t h e  c o m p o s i t i o n  and t h e  s t a b i l i t y  c o n s t a n t s  
o f  c o m p l e x  i o n s  f o r m e d  b e t w e e n  C u ( l l )  i o n  and mono— and d i e t h -  
a n o l a m i n e  i n  a q u e o u s  s o l u t i o n  a t  b e l o w  1 : 4  and ab o v e  1 : 4  
r a t i o  w i t h  r e s p e c t  t o  Cu : a m i n e .  The d e e p  b l u e  c o m p l e x  i o n s  
e x i s t i n g  i n  an a q u e o u s  s o l u t i o n  o f  C u ( l l )  i o n  and b o t h  o f  t h e  
e t h a n o l a m i n e s  w e re  s t u d i e d  w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
m i x t u r e s  a t  d i f f e r e n t  pH v a l u e s  and a t  v a r i o u s  i o n i c  s t r e n g t h s .  
The pH v a l u e s  o f  t h e  s o l u t i o n s  w e r e  c o n t r o l l e d  by  a d d i n g  sod ium  
h y d r o x i d e  or  e t h a n o l a m i n e  p e r c h l o r a t e  s a l t  s o l u t i o n .  V a r i a t i o n s  
i n  a b s o r p t i o n  c u r v e s  w i t h  c h a n g e s  i n  pH v a l u e s  and i o n i c  
s t r e n g t h s  a r e  b e l i e v e d  t o  be  due t o  c h a n g e s  i n  t h e  c o m p o s i t i o n  
o f  t h e  c o m p l e x  i o n s  f o r m e d .
E x p e r i m e n t a l
The S p e c t r o p h o t o m e t e r
S p e o t r o p h o t o m e t r i c  m e a s u r e m e n t s  w e r e  made by  means  o f  
Unicam S . P . 500  s p e c t r o p h o t o m e t e r .  The i n s t r u m e n t  c o n s i s t s  o f  a 
h y d r o g e n  l a m p ,  f o r  u s e  i n  t h e  r a n g e  200  -  300  m(ji, and a t u n g s t e n  
l a m p ,  f o r  t h e  320 m|i -  1 0 0 0  m^ i r e g i o n ,  a m ono c hr om at or  w i t h  
a 3 0 °  q u a r t z  p r i s m ,  and i n t e r c h a n g e a b l e  b l u e  and r e d  p h o t o ­
c e l l s .  The p h o t o c e l l  o u t p u t  c u r r e n t  i s  m e a s u r e d  by b a l a n c i n g
4. SPECTROPHOTOMETRY
t h e  dr op  a c r o s s  a l o a d  r e s i s t a n c e  o f  2 00 0  megohms w i t h  s l i d e  w i r e  
p o t e n t i o m e t e r  c a l i b r a t e d  i n  b o t h  p e r c e n t a g e  t r a n s m i s s i o n  and  
o p t i c a l  d e n s i t y .  The s e n s i t i v i t y  c o n t r o l  v a r i e s  t h e  e l e c -  
t ^ i o S i z r  ' s e n s i t i v i t y  by  a p p r o x i m a t e l y  10  t o  1 ,  a l l o w i n g  t h e  
u s e r  i> se t  the s l i t  w i d t h  and o p e r a t e  a t  p r e d e t e r m i n e d  band  
w i d t h s .  A s w i t c h  i s  a l s o  p r o v i d e d  w h i c h  i n c r e a s e s  t h e  s c a l e  
s e n s i t i v i t y  by  a f a c t o r  o f  1 0 ,  p e r m i t t i n g  g r e a t e r  a c c u r a c y  o f  
r e a d i n g  when t h e  o p t i c a l  d e n s i t y  i s  ab ov e  u n i t y .
The C e l l  H o u s i n g
A l l  s p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  
a t  2 5 ° C .  For  t h i s  p u r p o s e  u s e  was  made o f  a Unicam S . P . 570  
c o n s t a n t  t e m p e r a t u r e  c e l l  h o u s i n g .
T r e a t m e n t  o f  C e l l s
In a l l  s p e c t r o p h o t o m e t r i o  measux'ouient s  m a tc h ed  s i l i c a  
c e l l s  o f  A cm. p a t h  l e n g t h  w e r e  u s e d .  One c e l l  a l w a y s  c o n t a i n e d  
t h e  s o l v e n t  ( w a t e r )  and t h e  o t h e r  t h e  s o l u t i o n  wh ose  o p t i c a l  
d e n s i t y  was  t o  be  m e a s u r e d .  The c e l l s  w ere  p l a c e d  i n  e x a c t l y  
t h e  same p o s i t i o n  e v e r y  t i m e  m e a s u r e m e n t s  w e r e  made.
M a t e r i a l s
A l l  r e a g e n t s  w e re  o f  ,fA n a l a R ,! g r a d e  w i t h  t h e  e x c e p t i o n
^  YA‘.Lliann 9
o f  t h e  sod ium p e r c h l o r a t e .  NaClO^,  s u p p l i e d  by  Hoplcin,  was  
f u r t h e r  r e c r y s t a l l i s e d ,  d r i e d  f o r  two d a y s  a t  1 3 0 °  and u s e d  a s  
d e h y d r a t e d .
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Copper  s u l p h a t e  and c o p p e r  p e r c h l o r a t e
"A na l aR” CuSO^ was  u s e d  f o r  t h e  p r e p a r a t i o n  o f  c o p p e r  
s u l p h a t e  s o l u t i o n ,  w h i l e  t h e  c o p p e r  p e r c h l o r a t e  s o l u t i o n  w a s  p r e ­
p a r e d  by  i o n - e x c h a n g e  m et h od  ( a s  p e r  p o t e n t i o m e t r y  e x p e r i m e n t )  
and s t a n d a r d i s e d  b y  sod ium t h i o s u l p h a t e .
Mono— and d i e t h a n o l a m i n e  and  amine  s a l t  s o l u t i o n
The mono— and d i e t h a n o l a m i n e  w e r e  u s e d  a s  s u p p l i e d  by  
B . D . H .  and s t a n d a r d i s e d  by  c o n v e n t i o n a l  m e t h o d s .  1M amine  s a l t  
s o l u t i o n s  ( a )  MeaHCl,  ( b )  MeaHClO^, and ( c )  DeaHClO^,  w e r e  p r e ­
p a r e d  by  m i x i n g  e q u a l  v o lu m e  o f  2M amine  s o l u t i o n  w i t h  2M a c i d  
s o l u t i o n .
M i x t u r e s  S t u d i e d
5 0 . 0  Ml.  s o l u t i o n  a t  t h e  r e q u i r e d  d i l u t i o n s  w e r e  made by  
u s i n g  a g r a d e ”A M ic ro  B u z r ^ t t e f,and t h e  s p e c t r a  w e r e  m e a s u r e d  a s  
f o l l o w s  :
C u ( l l )  — Mea S y s t e m
( a )  To e x p l o r e  t h e  f i e l d ,  a t  f i r s t  t h e  a b s o r p t i o n  c u r v e s  f o r  
CuSO^ and m o n o e t h a n o l a m i n e  i n  w a t e r  w ere  o b s e r v e d .  T h e s e  showed  
t h a t  i n  t h e  r e g i o n  o f  g r e a t e s t  i n t e r e s t ,  = 4 0 0  — 600 nij_i, 
n e i t h e r  t h e  c u p r i c  i o n  n o r  Mea a b s o r b  t o  an y  e x t e n t ,  a l t h o u g h  a t  
h i g h e r  w a v e l e n g t h s  t h e  a b s o r p t i o n  o f  t h e  h y d r a t e d  c o p p e r  i o n  was  
o b s e r v e d .  F u r t h e r ,  t h e  e f f e c t  o f  d i l u t i o n  w i t h  w a t e r  — B e e r ^
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Law — f o r  s o l u t i o n s  c o n t a i n i n g  a f i x e d  amount  o f  Mea t o  v a r y i n g  
amount  o f  c o p p e r  was  a l s o  o b s e r v e d  ( F i g . 1 4 ) .
( b )  A C u ( l l )  : e t h a n o l a m i n e  r a t i o  o f  1 : 4  I s  n e c e s s a r y  t o  
b r i n g  a b o u t  t h e  c o m p l e t e  d i s s o l u t i o n  o f  Gu(0H)r>4 So s t u d i e s  
a b o v e  1 : 4  r a t i o  w i t h  r e s p e c t  t o  Cu : amine  f o r  s o l u t i o n s  c o n ­
t a i n i n g  a f i x e d  amount  o f  C u ( l l )  i o n  t o  i n c r e a s i n g  amount  o f  Mea 
w ere  made,  and t h e  c h a n g e s  i n  a b s o r p t i o n  c u r v e s  o b s e r v e d .  I t  
was  f o u n d  t h a t  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  c o m p l e x i n g  a g e n t
r e d u c e d  t h e  o p t i c a l  d e n s i t y ,  s h i f t e d  e t o  s h o r t e r  w a v e l e n g t h ,max»
and g a v e  two i s o s b e s t i o  p o i n t s  a t  430 and 5 7 0  mji ( F i g .  1 5 ) .
( c )  An a t t e m p t  w a s  t h e n  made t o  s t u d y  c o n c e n t r a t i o n s  o f  Mea 
l o w e r  t h a n  1 : 4  r a t i o  w i t h  r e s p e c t  t o  Cu : a m i n e .  The d i f f i ­
c u l t y  h e r e  i s  t h a t  t h e  c o m p l e x  o r  c o m p l e x e s  f o r m e d  w e r e  n o t  s t a b l e  
e n o u g h  t o  p r e v e n t  t h e  p r e c i p i t a t i o n  o f  c o p p e r  h y d r o x i d e  o r  o t h e r  
h y d r o l y s i s  p r o d u c t .  To p r e v e n t  t h e  p r e c i p i t a t i o n ,  t h e  pH o f
t h e  s o l u t i o n  was  l o w e r e d  by  u s i n g  MeaHCl s a l t  s o l u t i o n ,  and a 
s e r i e s  o f  a b s o r p t i o n  c u r v e s  f o r  s o l u t i o n s  c o n t a i n i n g  f i x e d  amount  
o f  C u ( l l )  i o n  t o  v a r y i n g  c o n c e n t r a t i o n  o f  Mea were  m e a s u r e d .
Here  t h e  amine  b a n d s  w e r e  g r a d u a l l y  d e v e l o p e d  a s  Mea was  ad d ed  
( F i g . 1 6 ) .  A f u r t h e r  s e r i e s  o f  a b s o r p t i o n  c u r v e s  w ere  o b t a i n e d  
w i t h  a f i x e d  Cu : Mea r a t i o  and v a r y i n g  a m o un t s  o f  MeaHCl 
( F i g . 1 7 ) .  I t  was  c l e a r  f r o m  t h e s e  s e r i e s  t h a t  t h e  a n i o n s  p r e s e n t
e x e r t e d  e f f e c t s  w h i c h  w o u ld  i n t e r f e r e  w i t h  t h e  i n t e r p r e t a t i o n  o f
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t h e  c u r v e s  ( co m p a re  c u r v e s  6 and 7 o f  F i g . l 6  w h i c h  i l l u s t r a t e  
t h e  e f f e c t  on t h e  a b s o r b a n c e  o f  c o m p l e x i n g  b e t w e e n  t h e  c o p p e r  
and c h l o r i d e  i o n s ) *  T h i s  e f f e c t  i s  c o n f i r m e d  by  t h e  m e a s u r e ­
m e n t s  shown i n  F i g * 1 8 ,  The p e r c h l o r a t e  i o n  w a s  e x p e c t e d  t o  
h a v e  no i n t e r f e r i n g  e f f e c t s  a s  i t  d o e s  n o t  f o rm  i o n  p a i r s  w i t h  
d i l u t e  c o p p e r  s o l u t i o n s ,  and t h i s  was  c o n f i r m e d  by  t h e  i d e n t i t y  
o f  t h e  c u r v e s  shown i n  F i g . 1 9 -  A s e r i e s  o f  m e a s u r e m e n t s  w e re  
t h e r e f o r e  p l a n n e d  i n  w h i c h  c u p r i c  p e r c h l o r a t e  w i t h  v a r y i n g  
a m o u n t s  o f  Mea w e re  s t u d i e d ,  t h e  pH b e i n g  a l t e r e d  by  a d d i t i o n s  
o f  NaOH o r  MeaHClO^. The r e s u l t s  a t  h i g h  pH a r e  shown i n  F i g . 20
I t  w i l l  be  s e e n  t h a t  i n c r e a s e  o f  pH l o w e r s  e and d i s p l a c e smax,
i t  t o w a r d s  s h o r t e r  w a v e l e n g t h s .  The e f f e c t  o f  0 . 05M NaOH i s  
no g r e a t e r  t h a n  t h a t  o f  0 .02M NaOH ( F i g , 2 1 ) .  So t h i s  c u r v e  can  
be  t a k e n  t o  r e p r e s e n t  t h e  c o m p l e t i o n  o f  t h e  p r o c e s s  s t u d i e d .  
R e s u l t s  a t  l o w e r  pH v a l u e s  w e r e  o b t a i n e d  by  t h e  u s e  o f  v a r y i n g  
r a t i o s  o f  Cu : Mea : MeaHClO^, and t h e s e  r e s u l t s  ar e  i l l u s t r a t e d  
i n  F i g s . 2 2 - 2 4 .  No l i m i t i n g  v a l u e  c o u l d  be  o b t a i n e d  i n  t h e s e  
e x p e r i m e n t  s .
C u ( l l )  -  Pea  Sys t em
( a )  A b s o r p t i o n  c u r v e s  a t  d i f f e r e n t  pH v a l u e s .
As f o r  C u ( l l )  -  Mea s y s t e m ,  t h e  a b s o r p t i o n  c u r v e s  were  
o b s e r v e d  f o r  s o l u t i o n s  c o n t a i n i n g  a f i x e d  amount  o f  C u ( l l )  i o n  
t o  a f i x e d  amount  o f  P e a ,  and v a r y i n g  c o n c e n t r a t i o n s  o f  NaOH and
DeaHCIO, ♦ I t  was  f o u n d  t h a t  w i t h  0 .25M and 0 .50M DeaHCIO, t h e  
o p t i c a l  d e n s i t y  i n c r e a s e d  m a r k e d l y  ( F i g . 2 5 )*
( b )  A b s o r p t i o n  c u r v e s  b e l o w  7 pH.
A s e r i e s  o f  a b s o r p t i o n  c u r v e s  f o r  s o l u t i o n s  c o n t a i n i n g  
x  mo le  o f  C u ( l l )  i o n  t o  100  x m o l e s  o f  DeaHCIO^, and v a r y i n g  
c o n c e n t r a t i o n s  up t o  3*5  x  m o l e s  o f  sodium h y d r o x i d e  w ere  m e a s u r ­
e d .  On a d d i n g  sod ium h y d r o x i d e ,  t h e  c o m p l e x  o r  c o m p l e x e s  were  
f o r m e d  and t h e  pH o f  t h e  s o l u t i o n  was  g r a d u a l l y  i n c r e a s e d .  As  
t h e  pH i s  i n c r e a s e d ,  t h e  o p t i c a l  d e n s i t y  i n c r e a s e d  and t h e  s h i f t
o f  e t o w a r d s  t h e  s h o r t  w a v e l e n g t h  was o b s e r v e d  ( F i g . 2 6 ) .max.
( c )  A b s o r p t i o n  c u r v e s  up t o  8 . 5  pH.
A s e r i e s  o f  a b s o r p t i o n  c u r v e s  f o r  a s o l u t i o n s  c o n t a i n i n g  x
mole  o f  C u ( l l )  i o n  t o  1 0 0  x  m o l e s  o f  DeaHCIO^, and i n c r e a s i n g
c o n c e n t r a t i o n s  o f  Dea s o l u t i o n  w e r e  o b s e r v e d .  The pH o f  t h e
s o l u t i o n s  we re  c o n t r o l l e d  by  a d d i n g  d i f f e r e n t  c o n c e n t r a t i o n
o f  Dea s o l u t i o n .  In  t h i s  c a s e ,  a s  t h e  pH i n c r e a s e d ,  t h e  e3 r  ’ max.
s h i f t  more and more t o w a r d s  t h e  s h o r t  w a v e l e n g t h  w i t h  i n c r e a s e  
i n  o p t i c a l  d e n s i t y  b u t  a b o v e  7«3  pH, a r e d u c t i o n  o f  o p t i c a l  
d e n s i t y  was  o b s e r v e d  ( F i g . 2 7 ) .
( d )  A b s o r p t i o n  c u r v e s  a t  c o n s t a n t  pH and i o n i c  s t r e n g t h .
A s e r i e s  o f  a b s o r p t i o n  c u r v e s  f o r  s o l u t i o n s  c o n t a i n i n g
f i x e d  r a t i o  o f  C u ( l l )  i o n  t o  v a r y i n g  r a t i o  o f  Dea a t  c o n s t a n t  pH
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and i o n i o  s t r » « g t h  w e re  o b s e r v e d .  The c o n s t a n t  pH and i o n i c
s t r e n g t h  w e re  c o n t r o l l e d  b y  u s i n g  0.5M DeaHClO^ and 0.5M NaClO^
s o l u t i o n .  As t h e  r a t i o  o f  Dea i n c r e a s e d ,  an i n c r e a s e  i n
o p t i c a l  d e n s i t y  and s i m u l t a n e o u s l y  a s h i f t  o f  e t o w a r d smax.
s h o r t  w a v e l e n g t h  w e r e  o b s e r v e d  ( F i g , 2 8 ) 0
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P A R T  III
DISCUSSION
1 .  SWELLING- RESULTS
S w e l l i n g  and D e n s i t y  M e a s u r e m e n t s
The s w e l l i n g  m e a s u r e m e n t s  g i v e  t h e  u p t a k e  o f  Mea,  Dea 
and Tea by  t h e  s a l t  f o r m s  o f  t h e  r e s i n ,  and t h e  e f f e c t  o f  c o n ­
c e n t r a t i o n  on t h i s .  M e a s u r e m e n t s  on e a c h  o f  t h e  t h r e e  s o l u t e s  
w e re  made i n  2 %, 4 * 5 $  and 8 % c r o s s —l i n k e d  r e s i n s  w i t h  t h e  a im o f  
t h r o w i n g  some l i g h t  on t h e  f a c t o r s  i n v o l v e d  i n  s w e l l i n g .
The d e n s i t i e s  o f  t h e  s w o l l e n  r e s i n s  i n  t h e i r  v a r i o u s  s a l t  
f o r m s  w e re  m e a s u r e d  so t h a t  t h e  v o l u m e s  c o u l d  b e  c a l c u l a t e d  and  
u s e d  i n  e s t i m a t i n g  t h e  " o s m o t i c  p r e s s u r e "  o f  t h e  r e s i n  o r  t h e  
f o r c e  o p p o s i n g  s w e l l i n g .
D i s c u s s i o n  o f  R e s u l t s
( 1 )  A c c u r a c y  o f  r e s u l t s .
( a )  The a n a l y t i c a l  method i s  an i n d i r e c t  o n e ,  and i n v o l v e s  
t h e  d e t e r m i n a t i o n  o f  s m a l l  q u a n t i t i e s  by  d i f f e r e n c e ;  u n d e r  
e x t r e m e  c o n d i t i o n s  t h e  e x p e r i m e n t a l  e r r o r  i s  l a r g e .  For  
i n s t a n c e ,  i n  an e x p e r i m e n t  w i t h  an 8 % r e s i n  i n  e q u i l i b r i u m  w i t h  
a c o n c e n t r a t e d  amine  s o l u t i o n ,  i t  was  f o u n d  by  t i t r a t i o n  t h a t  
9 * 2 3 7 0  g .  o f  t h e  a m i n e ,  o u t  o f  t h e  1 0 * 2 2 0 0  g .  o r i g i n a l l y  t a k e n ,  
w e r e  c o n t a i n e d  i n  t h e  s o l u t i o n  p h a s e .  By s u b t r a c t i o n ,  t h e  
w e i g h t  o f  t h e  amine  i n  t h e  r e s i n  p h a s e  was  0 . 9 8 3 0  g .  and a g a i n
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by  s u b t r a c t i o n  t h e  w a t e r  p r e s e n t  i n  t h e  r e s i n  p h a s e  i s  0 . 0 3 3 1  g-  
An e r r o r  o f  0 . 2 5 #  i n  t h e  t i t r a t i o n s  o f  amine  c o u l d  a l t e r  t h e  
f i g u r e s  t o  9 - 2 1 3 9  and 1 0 . 2 4 5 6  g - ,  g i v i n g  1 . 0 3 1 7  g# amine  i n  t h e  
r e s i n  p h a s e ,  and t h e  r e s i n  w a t e r  by  s u b t r a c t i o n  w o u l d  t h e n  ha v e  
a n e g a t i v e  v a l u e J  In  t h e  c o r r e s p o n d i n g  e x p e r i m e n t  w i t h  a 2%
r e s i n  t h e  s w e l l i n g  i s  v e r y  much g r e a t e r ,  and a s i m i l a r  e r r o r  
w o u ld  p r o d u c e  a much s m a l l e r  e f f e c t .  The u n c e r t a i n t y  i n  t h e  
m o l a l i t y  o f  amine  i n  t h e  s w e l l i n g  l i q u i d  c o u l d  s t i l l  amount  t o  
up t o  1 0 # ,  h o w e v e r .  T h e s e  c a l c u l a t i o n s  a r e  f o r  c o n c e n t r a t e d  
s o l u t i o n s .  In  t h e  more d i l u t e  s o l u t i o n s  t h e  e r r o r  w i l l  be  
p r o p o r t i o n a t e l y  l e s s ,  and f o r  l ow  c o n c e n t r a t i o n s  and l o w  c r o s s -  
l i n k a g e s  t h e  a n a l y t i c a l  e r r o r  s h o u l d  be  no g r e a t e r  t h a n  t h e  un­
c e r t a i n t i e s  due t o  v a r i a t i o n s  i n  r e s i n  c o m p o s i t i o n  and room  
t e m p e r a t u r e .  At h i g h  c o n c e n t r a t i o n s ,  e s p e c i a l l y  i n  8 #  c r o s s -  
l i n k e d  r e s i n ,  t h e  r e s u l t s  become  u n r e l i a b l e .
( b )  A f u r t h e r  s l i g h t  c a u s e  o f  u n c e r t a i n t y  a r i s e s  i n  t h e  
p r e p a r a t i o n  o f  t h e  r e s i n s .  When t h e  amine  s a l t  f orm o f  t h e  
r e s i n  i s  b e i n g  p r e p a r e d ,  i n s u f f i c i e n t  w a s h i n g  w o u l d  l e a d  t o  l o w  
v a l u e s  f o r  t h e  maximum s w e l l i n g  i n  w a t e r ,  w h e r e a s  e x c e s s i v e  
w a s h i n g  w o u l d  l e a d  t o  h y d r o l y s i s  o f  t h e  amine  s a l t  r e s i n .  I t  
i s  n o t  t h o u g h t  t h a t  t h e  h y d r o l y s i s  e r r o r  was  s e r i o u s  i n  t h e  
r e s u l t s  o b t a i n e d .
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From t h e  d e n s i t i e s  o f  t h e  f u l l y  s w o l l e n  r e s i n s ,  and t h e  
w e i g h t  o f  w a t e r  t a k e n  u p ,  t h e  vo lume  o f  t h e  f u l l y  s w o l l e n  r e s i n s  
c o u l d  be  c a l c u l a t e d  (m et h od  d i s c u s s e d  i n  r e s i n  e x p e r i m e n t ) .
The r e s u l t s  o f  t h i s  c a l c u l a t i o n  w e r e  a s  f o l l o w s  :
(2) Comparison of volume and swelling experiments
TABLE 15
MeaH+-R A ; DeaH^-R A TeaH±R
8$ 
Re s i n
Wt.  w a t e r 1 5 3 . 7 : 1 3 9 . 71 1 2 4 . 5  j
E q . V o l . s w o l l e n  
r e  s i n 3 3 7 .3 ' 3 5 6 .5 3 7 6 . 0  ;
E q . V o l . r e s i n  
s a l t 1 8 3 . 6 33 .2
!
1 216.8 3 4 .7
-u-.
2 5 1 . 5
4 . 5 #
R e s i n
Wt. w a t e r 2 7 8 .5 i 262.8
*
242.5
E q . V o l . s w o l l e n  
r e  s i n 4 5 6 . 5
1
! 4 7 5 . 7  - 4 8 9 . 6  !i
E q . V o l .  r e s i n  
s a l t 1 7 8 . 0 3 4 .9
1
21 2. 9 34 .2
j
2 4 7 .1
2#
Re s i n
Wt. w a t e r 8 2 8 .1 78 6 . 6 735.5
E q . V o l . s w o l l e n  
r e  s i n 1 0 0 5 .0 9 9 4 .2 974.0
E q . V o l .  r e s i n  
s a l t
— J
1 7 6 . 9 3 0 .7 2 0 7 .6 31 .3 238.9
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The t h i r d  row o f  f i g u r e s  f o r  e a c h  c r o s s - l i n k i n g  g i v e s  
t h e  e q u i v a l e n t  v o l um e  o f  t h e  d r y  r e s i n  s a l t ,  and i s  o b t a i n e d  by  
s u b t r a c t i n g  t h e  w e i g h t  o f  w a t e r  f r o m  t h e  e q u i v a l e n t  vo lume  o f  
t h e  s w o l l e n  r e s i n .  T h i s  i s  j u s t i f i e d  f o r  i t  h a s  o f t e n  b e e n  
shown t h a t  w a t e r  i n  a f u l l y  s w o l l e n  r e s i n  r e t a i n s  i t s  n o r m a l  
d e n s i t y  [ 2 4 ] .  The h o r i z o n t a l  d i f f e r e n c e s  b e t w e e n  t h e s e  f i g u r e s  
a r e  r e a s o n a b l y  c o n s t a n t ,  and c o r r e s p o n d  t o  an i n c r e a s e  i n  v o lu m e  
o f  3 4  u n i t s  f o r  e a o h  a d d i t i o n a l  CgH^OH g r o u p .  The s l i g h t l y  
s m a l l e r  d i f f e r e n c e s  f o r  t h e  2% r e s i n s  p r o b a b l y  r e f l e c t  no more  
t h a n  th© a d d i t i o n a l  u n c e r t a i n t y  i n  m e a s u r i n g  t h e  v e r y  h i g h  
s w e l l i n g  f i g u r e s  u s e d  i n  t h e  c a l c u l a t i o n s .  The d i f f e r e n c e s  in  
g o i n g  down t h e  v e r t i c a l  co lumn c o r r e s p o n d  t o  s m a l l  d i f f e r e n c e s  
i n  c a p a c i t y .
Considering now the swollen resins it will be seen that 
the amount of water taken up decreases in every case on passing 
across the table; the volume of the swollen resin, on the other 
hand, increases for the 8% and the 4.5$ cross-linked resins but 
decreases for the 2% resin. This reversal suggests that there 
are two opposing influences at work. One of these is clear ; 
when a resin swells in water, equilibrium is reached when the 
strain energy due to the restoring forces in the resin network 
balance the osmotic pressure of the contained solution. If the 
cation contained in the resin has itself a high volume, both the
r e s t o r i n g  f o r c e  and t h e  o p p o s i n g  o s m o t i c  p r e s s u r e  w i l l  be  h i g h e r  
a t  t h e  e q u i l i b r i u m  p o i n t .  The t o t a l  v o l u m e  o f  t h e  r e s i n  w i l l  
t e n d  t o  be  h i g h e r ,  and t h i s  i n c r e a s e s  t h e  s w e l l i n g  e n e r g y ;  and 
t h e  c o r r e s p o n d i n g l y  h i g h e r  o s m o t i c  p r e s s u r e  r e q u i r e s  a s m a l l e r  
vo lume  o f  s w e l l i n g  w a t e r  p e r  e q u i v a l e n t  ( s i n c e  t h e  one  i s  
a p p r o x i m a t e l y  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  o t h e r ) .  T h i s  i s  
j u s t  what  i s  f o u n d  f o r  t h e  8 #  and 4 . 5 #  c r o s s - l i n k a g e s ;  wher e  
i n c r e a s e  i n  c a t i o n  vo lume  i n c r e a s e s  t h e  t o t a l  vo lum e  o f  s w o l l e n  
r e s i n  and d e c r e a s e s  t h e  w a t e r  t a k e —up.  B o t h  e f f e c t s  a r e  r e l a ­
t i v e l y  much s m a l l e r  i n  t h e  4 . 5 #  t h a n  i n  t h e  8 #  c r o s s - l i n k e d  
r e s i n s ,  a s  w o u ld  be  e x p e c t e d  on a c c o u n t  o f  t h e  s m a l l e r  s i z e  o f  
t h e  s t r a i n  e n e r g y  t e r m .  In  t h e  2#  r e s i n  t h e  same e f f e c t  must  
b e  p r e s e n t  b u t  i t  wo u ld  now be  e x p e c t e d  t o  c a u s e  c h a n g e s  o f  no 
more t h a n  a f e w  u n i t s  i n  t h e  v a l u e s .  I n s t e a d ,  i t  i s  e v i d e n t l y  
o u t w e i g h e d  by  a s e c o n d  e f f e c t ,  w h i c h  m i g h t  be  p e c u l i a r  t o  t h i s  
s e r i e s ,  o r ,  more p r o b a b l y  p e r h a p s ,  i s  p r e s e n t  t h r o u g h o u t  b u t  
o n l y  i n f l u e n c e s  t h e  o r d e r  i n  t h e  s e r i e s  when t h e  r e s t o r i n g  f o r c e  
i s  v e r y  f e e b l e .  The d i f f e r e n c e  b e t w e e n  t h e  w a t e r  t a k e n  up by
t|*
t h e  MeaH -  and TeaH r e s i n s  am oun ts  t o  93 g* > o r  more t h a n  f i v e  
m o l e s  o f  w a t e r  p e r  e q u i v a l e n t  o f  r e s i n ,  and t h i s  s eems  t o o  much 
t o  a t t r i b u t e  t o  d i f f e r e n c e s  i n  t h e  p r i m a r y  h y d r a t i o n  o f  t h e  
i o n i s e d  g r o u p s .  More p r o b a b l y  t h e  s e c o n d  e f f e c t  i s  c a u s e d  b y  a
g r e a t e r  d e g r e e  o f  i o n - a s s o c i a t i o n  i n  t h e  o r d e r  TeaH+ >  DeaH+
> •)-MeaH , w h i c h  w i l l  be  a s s i s t e d  by  t h e  s t r o n g e r  Van d e r  W aa l s
attraction between the resin network and the larger organic 
cations. This reduces the osmotic pressure and the swelling 
tendency, and becomes the dominating influence only in the 
heavily swollen resin, where the size-effect of 34 ml. becomes 
unimportant compared with the total volume,
(3) Swelling and the effect of concentration
The proportions of water and amine taken up in the swollen
edresins will be subjectAto a number of factors* Thus, by analogy 
with other systems it may be expected that the first solvent 
taken up by the dry resin will be one or more moles of water 
which are preferentially taken in the hydration of the sulphonate 
group [25]. The tables show that with each resin the proportion 
of amine absorbed (at a given concentration) increases in the 
order Tea > Dea > Mea. These results might be explained by 
distribution coefficients between the swelling liquid and the 
external solution that fall in this order, or they might imply 
a specific adsorption of the amine on the resin network which is 
greatest for Tea and least for Mea. In either case, however, 
the'tfe will be an additional factor: the tendency of the resin
on account of the strain energy term, to exclude the larger of 
two molecules. This must evidently act in opposition to the 
dominant effect. It will be best to consider first the strain
- 9 7 -
energy effect, for which a quantitative correction can be 
applied. Departure of the corrected figures from a simple 
distribution law would then reflect more accurately any specific 
adsorption tendencies.
When a resin swells iti pure solvent the thermodynamic 
conditions for equilibrium in the swollen gel [2 6 ] is :
i r w -RT.ln as/as 
where tt is the restoring force exerted by the stretched network 
of the resin, v is the molar volume of the solvent, and a ,
7 3 * S*
a . are the activities of the solvent inside amd outside the s *
resin gel. The left hand side represents the work that would be
done per mole of solvent taken up under equilibrium conditions,
and balances the work obtained per mole of solvent moving from
an environment in which its activity is a to one in which itss
activity is ag.
The same condition applies equally to the equilibrium 
distribution of a soluble solute and so, denoting water by the 
suffix w and amine by a, the subtraction of two similar equations 
leads to :
a a •
tr(v - v ) s= ~RT. In —  , . . .  (l)x a w ' a a v *a w
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In the absence of any information concerning the activities or
partial molar volumes in aqueous amine solutions, it is necessary
to use the molar volumes of the pure substances for v and v ,* a w*
and to assume that the activities in the aqueous solution are
presented by the molar fractions. If the value of tt can be
estimated the equation can then be used to determine approximate
values for a /a a ' w
Estimation of tt
8% cross-linked polystyrene sulphonate resins have been 
studied in various salt forms by Pepper et.al. [2 3 ] and by 
Glueckauf [27] in this country, and by Gregor [28] and by Boyd 
and Soldano [29] in the United States. Their results are in 
good agreement, and it is established that the strain energy 
for a given rasin in different salt forms depends only on the 
resin volume. On the basis of these results Helfferich gives :
V = O . S O I tt + 192 . . . (2)
©
where V is the equivalent volume of the swollen 8# resin in ml., e
and 7r is the swelling pressure in atmospheres. This equation
could be applied directly to the results. V has been directly©
determined for the resin swollen in water; for the solutions 
containing amine, values were calculated on the assumption 
that the constituents occupy their molar volumes in the pure
state, and these values are shoWn in the tables*
For cross-linkages other than the usual Q% DVB variety 
the calculation of tt is more uncertain. Fortunately the t t v  
correction is small for the resins of low cross—linlcage that we 
have used - it is possibly no greater than the experimental error 
for the series with a 2% cross—linked resin — so that any error 
due to the approximate nature of the correction is unimportant. 
The method used for calculating approximate tt values was based 
on the rule given by Calmon and Kressman: that the swelling
pressures of fully swollen resins of same type but different 
cross-linking are inversely proportional to the square of the 
amount of water absorbed. When equation (2) is supplemented 
by this rule, the following i r values are obtained for the resins 
in water :
7r(atm.) of resins of differing cx*oss—linkage
Mea Dea Tea
00 180.0 204.0 228.0
4.5% 34.7 57.6 60.1
2% 6.2 6.4 6.5
- 1 0 0 -
Equation (l) can be written :
tt(v — v ) a- a x
~ “ — s  lo g i o  “  “ lo g i o  52.303 RT ± u a AU a xw w
a x  a 7r( v - v )n a _ a v a w /, \or: log 21“  = log “ ■  " 11— - . . . (3)
a x  a 2.303 RTw w
where a x/a x is the “ideal” ratio of activities in the resin a w
phase. These would agree with experiment if the only cause for
a deviation of the distribution coefficient from unity were the
strain—energy term now allowed for; V is obtained from thea
molecular weight and density of the amine. The values used 
were: monoethanolamine, 6 0.5 ; diethanolamine, 99; and tri­
ethanolamine, 133 c.c. With t t  in atmospheres and v in c.c. the 
value of R is 82.05 and with 20°C as the mean temperature of the 
experiments, log (2.303 RT) = 4.7433*
The activity ratio a /a was calculated from the experi- 17 a' w
T a b u la t io n  o f  r e s u l t s
mental results as shown in the following example. For the 
resin in the form of its Mea-salt the most concentrated (equili­
brium) solution studied was 3*841 weight-normal. It therefore 
contained 3*841 x 61.0 = 234.5 g. Mea in (1000 - 234.5) =
765.5 g* water = 765*5/18.02 = 42.50 moles water. The molar
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fractions were therefore: N,, - 3*841/46*34 and N„ n =Mea 2
42.50/46.34, and the activity ratio a&/a was therefore taken 
to h e  HMea//NH20 = 3*841/42.50.
TABLE 16 
A V = 42.5
(a) 2$ Mea
M 3.962 1.911 0.8738 0 . 3 8 4 5 1 0 . 1 3 0 1
x°g aa/aw 2.9737 2.5907w  -—  *— 2.2209 3.8509 3 . 3 7 3 4
V - 1 9 2  0 783 813 814 814 817
TT 6.0 6.2 6 . 2 6.2 6.2
w A  V 
2.3 RT 0.0046 0.0048
— .— 
0.0048 0.0048 0. 0048
log a x / a x  a ' w 2.9691 2.5859
fni"
2 . 2 1 6 1 3.8461 3 . 3 6 8 6
log a//a" ° a' w 2 . 9 2 8 0 2.5378 2 . 1 5 5 2 y . 756 3 3.1707
log Dx -0.0411 -0 . 0 4 8 1 - 0 . 0 6 0 9 -0 . 0 8 9 8 -0.1979
- 1 0 2 -
(b) 4.5$ Mea
TABLE 16 (C d n td . )
M 3.854 1.827 ,0.7941 0 . 2 6 0 9 0 . 0 2 5 6 4
log a /a ° a' w 2.9581 2.5687 2 . 1 7 7 1 3 . 6 7 9 1 zero absorp- j 
..tion.. .
V - 1 92e 262 265 265 272
TT 54.2 54.7 5 4 . 7 5 5 . 7 -
TT A V
2 ,3 M. 0.0416 0.0420 0 . 0 4 2 0 0 . 0 4 2 8 —
log a x / a x  a w 2.9165 2.5267 2 . 1 3 5 1 3 . 6 3 6 3 -
log a /aw .a: w 2.8487 2 •4271 2 . 0 3 4 0 3 . 3 4 6 0 -
log Dx -0.0678 -0.0996 -0 . 1 0 1 1 -0 . 2 9 0 3 -
(c) 8% Mea
M 3.841 1.777 0.9993 0.3042 0.08814
log a /a& a/ w 2.9561 2.5553 2 . 1 8 0 1 3.7470
zero f 
absorp- 1 
.tion |
v -  192e 143 143 144 147
TT 1 78 1 7 8 179 1 82 -
TT A V
2 .3 RT O . 1 3 6 7 0 . 1 3 6 7 0.1374 0.1397 -
log a x/a x a '  w 2’. 8194 2 . 4 1 8 6 2.0427 3.6073 __—j
l o s 2.8419 2.3365 3.8939 3.3525
\r
. , .. . .  . .. . |
log Dx +0.0225 -0 . 0 8 2 1 -0 . 1 4 8 8 -0.2548
1
- t*
- 1 0 3 -
TABLE 17 
AY  = 81
(a) 2# Dea
M 3.828 1.922 0.8504 0.3557 0.1682
log a /a ° a7 w 1 . 0 6 2 0 2.6373 2.2260 3.8232 3.4893
V - 192 e 500 800 812 812 809
TT 4.0 6.4 6 , 4 6 . 4 6.4
w* A V 
2.3 RT 0.0059
--- — — —
0.0094 0.0094 0.0094 0.0094
log a x / a x. -__a.. .w .. 1.0561 2.6279 2 . 2 1 6 6 3.8138 3.4799
l o s  V U
1.2648 2.5381 2.0956 3.6746 ■3.I821
log DX +0.2087 -0.0898 -0.1210 -0.1392 -0.2978
(b) 4.5# Dea
"7" 3.786 1.851 0 . 7 1 0 6 0.2602 0.05725
log a /a & a7 w 1.0539 2.6170 2.1411 3.6830
zero 
absorption 1
v - 1 9 2e 267 300 281 281
' ' 1 
!
TT 54.7 61.0 57.5 57.5 I1
7r A Y  
2.3 RT 0.0800 0.0892 0.0841 0.0841 i
log aax/a^x 2.9739 2.5278 2.0570 3.5989 -
log a /a
— -  a -------w. _ 2.7094 2.3296 3.9194 3.1087 f, ......................... - . 1
log Dx -0.2645 -0.1982 -0.1376 -0.4902
--------------------------------- ,1
- 1 0 4 -
(o) 8$ Dea
TABLE.. 17 (C o n td . )
M 3 . 1 5 7 1 . 8 2 0 0*7561 0.2792 J 0.09559
log a /a a' w 1 .0483 2 . 6 0 8 0 2 . 1 7 0 2 zeroabsorp-
•hifffi
zero 
ab sorp-
•h.i .Q,i5r . . .
V - 192 e 156.3 16 0 • 6 l6l • 6
TT 1 9 6 201 202 -
TT A V
2.3 RT 0.2867 0.2941 0.2956 - -
log a x7a x.a w 2 . 7 6 1 6 2.3139 3.8746 -
log a /a 2.4742 2.1465 4.9721 -
log Dx • -0.2874 -0.1674 -0.9025 re- -
TABLE 18 
AV  = 1X5
(a) 2$ Tea
M 3.550 2.112 . 0 . 8 3 2 0 0.3550 0.1750
log a /a.. . fl ' , . w 1.1328 2.7445 2 . 2 3 3 3 3.8,296 3.51.02
V - 1 9 2 I 678 762 786 788 797
v 5.7 6.3 6.5 6.5 6.5
IT AV 
2.3 RT 0.0118 0.0131 0.0135 0.0135 0.0135
log a x/a x 
0 a ' w 1.1210 2.7314 2 . 2 1 9 8
a_._ ^
3.8161 3.4967
l0S 1.2302 2.7043 F . 2 6 2 7 3.8152 3.4225
log DX +0.1092 -0 . 0 2 7 1 +0 . 0 4 2 9 -0.0009 -0.0742
- 1 0 5 -
TABLE 18 (C o n td . )
(t>) 4 . 5 fo  Tea
M | 3.514 2.020 0.7340 0.3784 0.1170
log a /a ° of w 1.1235 2.7166 2.1717 3.8589 3.3316
V - 192 © 244 278 294 295 302
TT 50.0 56.1 6 0 . 0 6 0 . 0 60.8
1r&V 
2.3 RT 0.1039 0.1165 0.1246 0.1246 0.1263
log a x/a x a w 1.0196 2.6001 2.0471 3.7343 3*2053
log ia/rw 1.2152 2 . 6 0 0 0 2.2152 3.9470 3.4278
log Dx +0.1956 io.oo +0.1681 +0 . 2 1 2 7 +0.2225
(o) 8$ Tea
M 3.477 2 . 7 1 9 2 . 0 6 7 0.7510 0.2823 0.1224
log a /a a' w 1.1140 2 . 9 1 5 6 2.7310 2,1829 3.7251 3.3514
v  ~ 1 9 2e 143 164 168 173.5 . 179 184
TT 177.0 200.0 2 0 6 . 0 2 1 6 . 0 222. 0 228.0
TT AV 0.3676 0.4154 0.4279 0.4486 0.4611 0.47342.3 RT
log a x/a x a w 2.7464 2.5002 2.3031 3.7343 3.2640 4.8780
log a /a a' w 0.1094 2.5754 2.6153 2.3334 3.7758 3.1355
log Dx +1.3630 1-0.0752 +0.3122 +0.5991 +0.5118 +0.2575
Log a x/a x in the tables gives the ratio the activities ° a 1 w
in the resin would have if the strain—energy term were the only
reason for a departure from ideal behaviour, with a distribution
of unity* Log DX is log a /a - log a x/a x„ and therefore 
° ° a7 w ° a 7 w
measures the other causes of departure from ideality* The 
effect of the correction is to make D more positive than the 
uncorrected experimental distribution coefficient,
The corrected values show no clear indication of the 
specific adsorption of amine on the resin network* If this 
occurred it would show itself in two effects: (l) D would
increase strongly with increase in concentration, and (2) it 
would have a relatively greater effect the greater the cross- 
linking. Neither of these effects is clearly recognisable in 
the figures, and the general conclusion must be drawn that the 
results are adequately explained (within the inevitably large 
experimental error, especially for the more highly cross-linked 
resins) by uniform distribution coefficient values of about 
0.85 for Mea, of about 0.75 for Dea and one of about 1.2 for Tea.
It has been shown [1,3,19 etc*] that the ionised OH groups 
of the mono-, di- and triethanolamine are capable of coordina­
tion in sufficiently basic solutions.
With Cu(ll) ion - triethanolamine Bolling and Hall [l] 
have identified the positively charged Cu(OH)(HgO)^ N (CgH^OH)^^ 
ion at low values of pH, a neutral molecule
Cu (0H)2(H20)N(C2H^0H)^ at 9*8 pH and at still higher pH a nega-
—1tively charged Cu (0H)^N(C2H^0H)^ ion and suggested that the 
charge of the complex ions varied due to the interaction of the 
complex with the hydroxyl ion.
At pH 8 and ionic strength of 0.03, the dissociation con­
stant of Cu(ll) ion-triethanolamine complex below 1 : 2 and 
above 1 : 1.5 ratio was given by log^Q K equilib. = 4-3 - *1.
From the plot of optical density as a function of mole fraction 
for the solutions of constant total Cu(ll) ion and triethanola­
mine concentration, they showed that only the 1 : 1 complex is 
formed.
They further reported that the complex formed at pH 8.0, 
9.0 and 9*5 moves towards the cathode, that there is no movement 
at pH 9.8 and that it moves towards the anode at pH 10.0.
Fisher and Hall [3], from polarographic studies at values
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of pH greater than about 8(a) at constant pH and varying amine 
concentration and (b) at constant amine concentration and vary­
ing pH values, determined the species Cu( TEA),(0H)2 from pH 7 to
11,5 and Cu(TEA)(0H)  ^above pH 11 with Cu(ll) ion - triethanol— 
amine system.
For Cu(ll) ion and each of the three ethanolamines, the 
general equation in basic solution was given as :
Cu^+ + xA + yOH » CuAx(OH) ^
*/
and the concentration equilibrium constant, log K was calculated 
by the equation :
log K = (14 - pH)y - X  log [A] - o7(D6oT5  ^A ’
by inserting values fox' x, [A], y, pH and Ej_. The aboves
equation was derived by the modification of general equation 
given by Lingane [30] and Pecsok et al.[31]»
The values for log and log shown to be 18.4
and 20,7 respectively, where
It = [Cu (TEA)(0H)2]/[Gu 2+][TEA][0H“ ] and
K2 a [Cu (TEA)(0H)3“]/[Cu 2+][TEA][0H-]3.
It should be added that although Bolling and Hall attri­
buted these complexes to coordination of -OH groups, and although 
Fisher and Hall formulated their stability constants in the same
- 1 0 9 -
terms, the latter authors did state that the complexes at 
high pH might he due either to the coordination of -OH groups 
or to the loss of protons by the ethanolamine molecule. That is. 
uncharged complex with triethanolhmihe might have the formula 
CuTea(0H)2 or the formula CuN(C^H^O)2C2H^0H, two possibilities 
between which their measurements did not distinguish.
G. W. Davies and V. Patel [19] showed that when an ion— 
exchanger in the form of its copper salts was treated with an 
aqueous solution of monoethanolamine, a large amount of copper 
was released, and that the dissolved copper behaved as a non­
electrolyte. They argued (by analogy with othex* mixed amine- 
hydroxy complexes) that a compound CuMea^fOH)^ would behave as a 
semi-strong base, and therefore that the non-conducting copper 
species must have the formula:
0 -  c 2 h
! IN - Cu - N 
I I
C2 \ “ °
The complexes of the other ethanolamines at high pH will similar­
ly be expected to arise through the successive loss of protons 
from the OH-groups of the amine, but in order not to pre-judge 
the issue, allowance is made in the following treatment for the 
possibility that a hydroxy complex CuTea(OH)* is actually formed, 
and can then dimerise to form the bridged complex [CuTea(OH)]2+, 
in the way shown to occur by Martell et al. [32] for other
In order to explore the possibilities over a wide range of 
pH and concentration of amine, the present work was carried out 
by several methods, e.g. ion-exchange, potentiometry and con— 
ductimetry. No spectrophotometric studies were made as results 
on the Cu(ll)-triethanolamine system were already available.
The degree of cross-linking of a resin is known to affect the 
extent of complex formation [22] and hence, 2#, 4.5# and 8# cross- 
linked Cu-form resins were used (Fig.l). The nature of the 
complex in the solution phase was studied conduotimetrically 
(Fig.10). The complexes formed at low as well as at high pH 
values were studied potentiometrically by adding sodium hydroxide 
to a mixture of amine perchlorate and metal perchlorate in the 
ratio of 1 : 1, 1 : 3, and 1 : 10 (Fig.4)®
(1) POTENTIOMETRIC RESULTS
When NaOH is added to a solution containing TeaH+ and
copper perchlorates, the solution will initially contain the
+ — + 2 +following ions; Na , > TeaH and Cu , and also Tea formed
by the interaction : TeaH + OH — Tea + H^O. The reaction
2 + 2 +Cu + Tea •—ss CuTea now takes place, and the stability
constant for the copper complex can be estimated from the pH of
the solution.
co p p er—amine—hydroxy c o m p le x e s .
With further additions of NaOH the pH gradually rises,
i-Cr-v a. aand the omap-puind [CuTea(OH)] or [ GuN( CgH^OH) gC^H^O] is next
liable to form. If the first formulation is correct, i.e.1 if
it contains coordinated hydroxyl groups, then by analogy with
the work of Martell et al,[32] and others, on mixed hydrpxy-
complexes, it will be expected to go over extensively to form
2 +the OH-bridged dimer of composition [ (CuTeaOH)^] . Further,
at still higher pH*s, the complexes (a) [CuTea(0H)2]° o r
[CuK(C2Hi)_0)2C2H, 0H]° and (b) [CuTea(OH)/”1 or [CuN(C2H ^ 0 ] -1
will be expected. Complex (b) can be neglected for the present
as the pH titrations were not extended into the range of high pH
where this form was found by Fisher and Hall. However, this
still leaves the likelihood of the copper being distributed
between five forms, Cu^+, CuTea^+ [CuTea(OH) ] ,  [ ( CuTeaOH^ J
oand [CuTea(0H)2J , (From the previous work it has been 
assumed that Tea does not complex with copper, at the concentra­
tions studied, in a Tea : Cu ratio greater than one; it can
also be assumed, as the solutions remain clear, that the
+1 / \species CuOH and Cu(OH)2 are never present xn significant 
amount s).
These five complexes are related by the equilibria :
— 1 1 2 —
(1) Cu2+ + Tea CuTea2 +
K = ^Cu7ea^ + (a)
ML _ 2+ T r m i * * * K }[Cu ][Tea]
(2) CuTea2+ + HgO Cu(0H)Tea+1 + H+
v _ [Cu(OH)Tea+] * [H+]
MOHL ~  ”----- 2+T~---- . . . (.DJ[CuTea ]
(3) CuTea2+ + 2HgO Cu(OH)2.Tea + 2H+
[Cu(0H)2Tea°] * [H+]2
(4) 2CuTea2+ + 2Ho0 — ^  [ (CuOHTea )„ ]2+ + 2H+2 ^ 2
[(CuOHTea) 2+] X [H+]2
(MOHL)- =...   ~ j ~ .a-  . . .  (a)
2 [CuTea ]
An attempt was made to determine each, of these constants
by considering the titration results in turn at the lower and
then at the higher pH ranges.
(a) Estimation of KML from -points at low pH
Measurements below pH = 6 were made on mixtures of cupric
and triethanolammonium perchlorate in the molar ratios (initially
of 1 : 3 and 1 : 10. In this region of pH, it was assumed
that no hydroxo complexes are present and [H+] [OH ]&s 0,
+ 2+ 2 +and the species estimated were TeaH , Tea, Cu and CuTea . The
blank corrections for free acid (Cu(C10^)2, prepared by
- 1 1 3 ”
ion-exchange method, contained slight free acid) were applied, 
For 0.05M TeaHCIO,, log [TeaH+]/[Tea][H+] = 7.90 and this gives
pH values, the correction applied were 0,4 and 0,2 ml. of NaOH
(x is the ml. and N is the normality of NaOH), the solution 
contains (b - xN) millimoles of TeaH+ and xN millimoles of 
[Tea] + [CuTecQ ,
[Tea][H+]
log — " - + - .. = -7.90 at 20 C [33].[TeaH J
This equation is strictly true if the [ ]fs are thermo­
dynamic activities. For the non-electrolyte Tea the activity 
can be assumed to be equal to the concentration. Also for 
[H+]/[TeaH+], the ratio of the activity coefficients of the two 
univalent ions can be assumed to be equal. The equation is 
therefore also true if concentrations are used throughout. If 
the pH of the solution is assumed to measure - log
the value of -log f-_ must next be evaluated. This was done byn
log [Tea][H+] log [H+]2 - -9.2, so log [H+] - -4.6. Similar­
ly, for 0.015M TeaHCIO, , log [H+] = -4.8, so to fit these initial
respectively. The values of Ka and [H+] are known, where
The initial solution contains a millimoles of Cu, and b
millimoles of TeaH in V ml. After adding xN millimoles of OH
- 1 1 4 -
V
i  + V T
where I is the ionic strength of the solution. The addition
t  .
means of the Davies equation [34] -  log fjj = 0.509 (~—— prx.- 0 .31)
+ + of NaOH only substitutes the Na ion for the TeaH ion, and
2 + 2 +possibly the CuTea ion for the Cu ion, so the ionic strength
i a +at any point in the titration is given by : I « • Tbe
pH values were converted to hydrogen—ion oonoentrations in this 
way and then :
log [Tea] in m.moles = [-7*90 - log[H+] + log(b - xN)] 
[CuTea] m.moles = xN - [Tea] m,moles,
and [Cu] in mole/litre = gJ m,«
• [CuTea] = g - (XH - [Tea]m.mol)(V + x)
[Cu][Tea] ^  [Tea] ^a - (xN - [Tea]) m.mol*^
- 1 1 5 -
TABLE 19
NaOH additions
a « 0.25 m.moles; V = 50 ml.; N = 0.1372; logKa ~ —7*90.
1  2 3 4
( 1 b 2.5 2.5 0.75 0.75
(2
IX 1 . 1 1 . 6 0 . 8 1.3
(3 x *N 0.1509 0.2195 0 . 1 0 9 8 0.1784
(4 ( b  -  x ' n ) 2.349 2 . 2 8 1 0 . 6 4 0 2 0.5716
(5 pH 5 . 5 8 5 . 8 2 5.71 5.95
( 6 X 3.25/ 5 1 . 5 3.25/52.0 1 .5/5 1 . 0 1.5/51.5
(7 0.509F(I) 0 . 0 9 2 6 0 . 0 9 2 2 0.0699 0 . 0 6 9 8
(8 -log[H](5-7) 5.487 5.7278 5.640 5.880
(9 log 4+8 -pIC -2.042 -1.814 -2.454 -2 . 2 6 3
(10 [Tea]m.mol. 0.00908 0.01535 0.00352 0.00546
(11 [CuTea] 0.1418 0.20415 0 . 1 0 6 3 0.17294
(12 [Cu] 0.1082/51.5 0.04585/52 0.1437/51 0.077)51.5:
(13 3.87 4.18 4.03 4.32 j 
1
°sICMir 10x12
Tea additions
In this series, the first addition of 0.1093N Tea converts 
free HCIO^ to TeaH+C10^ , the corrected value of [TeaH^] = 
b + 0.4N ss 2.5437 m.molesk
- 1 1 6 -
log [H] is found as before, by 
-log [H+] = pH - 0.509 ^  ~
where I = [TeaH*] + 3 [Cu] = ^A?33,7,
V ± x
Now log [Tea] * log 2.5437 - 7.90 - log [H+]
= -7.4945 - log [H* ]
[CuTea] = x N - [Tea] 
and Cu * 0.25 - [CuTea].
TABLE 20
a = 0.25 m.moles; b = 2.5437 m.moles; V = 50 ml.; N = 0.1093;
log Ka = -7.9.
1 2 3 4
(1)
t
X 0.6 1.1 1.6 2.1
(2) x N O.O656 0.1202 0.1749 0.2295
(3) pH 5.15 5.42 5.62 5.82
(4) X 3.2937/51 3.2937/51.5 3.2937/52 3.2937/52.-
(5) 0.509F(I) 0.0933 0.0930 0.0927 0.0924
(6) -log [H] 5.0567 5.327 5.5273 5.7276
(7) log [Tea] -2.438 -2.1675 -1.9672 -1.7670
(8) [Tea] 0.00365 0.00680 0.01080 0.0171
(9) [CuTea] 0.0620 0.1134 0.1641 0.2124
(10)
(11)
[Cu]
1niT (9)x(V+x)
0.1880 
3. 66
0.1366
3.80
0.0859
4.12
0.0376 
4.24°®KML (8)x(10)
- 1 1 7 -
The 8 measurements helow pH 6 gave logT__._ =4*0 withIvML
an average deviation of i 0.2.
(b) Estimation of KM ( m  and
KL-- being determined, higher pH*s were then studied,
M L
using the value log IC^ - 4-0, and making allowance for the
2 + / \ 2 +possible presence of copper in the forms Cu , (CuTea) , 
(CuTeaOH)* and (CuTeaOIi)22 +•
The approximate pH range 6 - 7  was used. Same as above 
the initial solution contained a millimoles of Cu, b millimoles
“  —  A
+of TeaH in V ml., and x ml. of N— normal NaOH were added.
Now a = [Cu] + -J [CuTea] + [CuTeaOH] + 2
b = [Tea] + [TeaH+] + |[CuTea] + [CuTeaOH] + 2[(CuTeaOH)/£
. . . ( 2 )
So b - a = [Tea] + [TeaH+] - [Cu] ...(3)
also, xN = [Tea] + [CuTea] + 2[CuTeaOH] + 4[(CuTeaOH)2] ...(4)
2a = 2[Cu] + 2[CuTea] + 2[CuTeaOH] + 4[(CuTeaOH)2]
So 2a - xN = 2[Cu] + [CuTea] - [Tea] ...(5)
As a first approximation [Cu] is neglected, and pH was 
taken as -log [H+] (an activity correction was impossible at 
this stage as the ionic strength is not known).
With these approximations, (3) can be combined with the 
known pK_ value of Tea to give [Tea] and [TeaH*]; (5) can then
Ca
be used to find [CuTea].
[(CuTeaOH)/ V ...(l)
- 1 1 8 -
The concentration of [Cu] can now be ft>und . from the 
approximate value s of [CuTea]and [lea] and the known value of 
The value of [Cu] found in this way is 
inserted in equations (3) and (5) and a second approximation to 
the values of [CuTea] and [Cu] can be made. Equation (l) 
then gives aa - [Cu] - [CuTea] = [(CuTeaOH)] + 2[(CuTeaOH)2]. 
Introducing the constants, [CuTeaOH] = . [CuTea]/[H], and2 MUriJj
[(CuTeaOH)2] = ) S^es :
(a - [Cu] - [CuTea]) [H] [CuTea]
--------------------  •   KM0HL (MOHL) * --- - --
(v  + x) [CuTea] 2 [H]
With Tea additions, the treatment was as follows :
Here a = [Cu] + CuTea] + [CuTeaOH] + 2[(CuOHTea)2]| ... (l1)
b+xN = [Tea] + [TeaH+] + |[CuTea] + [CuTeaOH] + 2 [(CuOHTea )2]1. (2 >)
So b + xN - a = [Tea] + [TeaH+] - [Ou] ... (3«)
Also, the basic compounds are formed by the reactions
Cu + 2Tea + HgO = CuTeaOH + TeaH*
or 2Cu + 4Tea + 2H20 = (CuTea0H)2 + 2 TeaH+
So [TeaH+] = b + [CuTeaOH] + 2[(CuOHTea).] ... (4')
a - [Cu] - [CuTea] = [TeaH+] - b
or a + b - [TeaH+] = [Cu] + [CuTea] ... (5')
With the same approximations as before, [TeaH*] is found 
from (3*) and then [CuTea] from (5*)* [Cu] from and so on
as with NaOH additions.
With the same approximations as before, [T.eaH*] is 
found from (3f) and then [CuTea] from (5*)> [Gu] from 
and so on as with NaOH additions*
The left hand side of equation (6) can now be plotted 
against [CuTea]/[H]. The slope should give the value of
K(M0HL)2 and the interoePt tha value of km (o h )l *
r-iCVJ
pq
E-»
•120—
The plot of equation (6) shows a very small negative 
slope. That is, within the accuracy of the measurements 
K(j^ q h l) " 0 and there is no evidence for a dimer in these 
solutions. This is in marked contrast to what has been found 
for other amines, where compounds such as en Cu "Cu en
are formed extensively. This is believed to be further evidence 
for the view that the reaction actually takes the course :
OH -• C0H. + 2 
I t| 0 —  C0H. + 1
C0Hf OH Cu N —2 4 ! (
OH - CgH^
C0H, OH — — Cu— > N 
2 4  i
I !2 ^
LI '
I I I + H-0,OH - C2H4
so that coordinated hydroxyl groups are not present, and the di- 
merisation therefore does not ensue. If this is correct,
oan be regarded as "first acid dissociation constant" ofMOHL
2 +the CuTea complex :
CuTea2+ ~ -- - H+ + [Cu.N(C2H, OH^CgH, 0]+1
An attempt was made, by carrying out further approxima­
tions, to improve the value of this K by introducing an activity 
correction. The calculations were tedious and need not be 
reproduced, but they raised the K values to those shown in the 
last line of the table. Excluding the first points, which are 
the least trustworthy as the process had not proceeded extensively
the mean of 9 values is K° = 3»9 x 10  ^with an average
—7deviation of 0*4 x 10 .
Estimation of KML(0H)2
The previous table shows that at pH ~ 7 more than half 
the copper is in the univalent form. The further conversion 
to the uncharged complex has probably begun at this point, and
results at somewhat higher pH*s were used to calculate
2* 2 The concentration of Cu has dropped to negligible proportions
and the species (CuTea(0H))2 has been eliminated, so that it
is the proportions of CuTea2*, CuTeaOH* and CuTea(0H)2 that are
required. An approximate activity correction will be needed;
2+ + at the end-point, when all the Cu has been replaced by Na *
the ionic strength is I = 2±‘l* 1 1 . using the same symbols asv + x
before, and it was thought sufficiently accurate to use this 
expression throughout.
The equations now are :
(1) a = [CuTea] + [CuTeaOH] + [CuTea(OH).]
(2) b - a = [Tea] + [TeaH+]
(3) log [Tea] + log [H+] = log [TeaH+] - 7.90
or log [Tea] = log [TeaH+] - 7.90 - log [H+]
and pH = -log [H+] - log fH+ = -log [H+] + 0.5F(l).
So log [Tea] = log [TeaH+] - 7.90 + pH - 0.5F(I)
[Tea] and [Tea±] are obtained by oombining (3) and (2)
(4) xN = [Tea] + [CuTea] + 2[CuTeaOH] + 3[CuTea(0H)2]
(xN - [-Tea]) = [CuTea] + 2[CuTeaOH] + 3[ CuTea( OH ) . ].
(5) 3a - (xN - [Tea]) = 2[CuTea] + [CuTeaOH]
(6) f [CuTea0H+] = f2[CuTea2 ^ ]♦KMQHL
fl[H+]
or [ CuTeaOH+] =  1 .KML0H • J 2“
[ h ] ML0H i:
3a - (xN - [Tea]) = [CuTea]
2 + ICML OH’V fl )
[H]
Hence [CuTea], then [CuTeaOH] from (5)> and [CuTea(0H)o] from
(l). This enables the constant :
[CuTea(OH) ][H+]
K.„t /Atr\ =  =---- ---— ---  to be determined,
ML(°H)2 [CuTea(OH)]+
and this should be approximately independent of ionic strength, 
as there is one univalent ion in numerator and denominator.
- 1 2 4 -
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The results of the treatment are in the above table.
If the first point (where less than 10# of the copper exists
in the uncharged form) and the last point (where the effect of
the further transition to anion is beginning to be felt) are
excluded, the mean of five determinations gives K 
+ -93*7 - 0.14 x 10 . This can be regarded as the second
2 +dissociation constant of the CuTea complex*
Summary. The three pK values, p ~  4*0, P^ jjiiOH a. 6.4 and
P^mt a 8.43 have been determined. If these constants are
MJU v Un ; 2
combined with; log [if] + log [OH] =-14.2 (pK a*t 18°), a value
[CuTea(OH)2]
log* 1 "cv * .. . ■— *— -s* = 17.6 is obtained.
/Cu ][Tea] [ OH]
Fisher and Hall gave the value of this constant as 18.4, and 
the agreement can probably.be regarded as satisfactory.
(2) CONDUCTIMFTRIC EVIDENCE
Just two titrations were carried out, of (A) a Tea 
solution with NaOH, and (b ) a similar solution but containing 
copper, also with NaOH (Fig,10).
(A) This shows a straight line (passing through the 
origin) which corresponds to the expected increase in conducti­
vity on adding NaOH, The initial conductivity can be used 
to derive an approximate value for the basic dissociation
ml(oh) 2
constant of Tea. The initial reading was 10 /R = and
multiplying by the cell constant this gives a specific con —
ductivity of |€ = 2.3 x 10 ohm. , The concentration (C) of
the solution was O.Q1177M, and hence the equivalent conductance
was A = -  = 2.0.
If 40 is assumed for the mobility of the triethanol— 
ammonium ion, the equivalent conductance at infinite dilution 
is 198 + 40 = 2 3 8, and the approximate dissociation constant of
the base from Ostwald's dilution law is :
]< = (2.0)2 ^ 0.01177 „ 8<4 x 10-7#
238 X  236
This can be compared with the literature value. At 25° 
Sehwarzenbach et al. [33] give :
log [Tea] + log [H+] - log [Tea*] = -7.77 
But-log [h ] - log [OH] = 14o 0 at 25°*
So log [Tea] - log[Tea+] - log [0H~] = 6.23
[Tea+][0H"J 
or log —  =-6,23 = 7.77
[Tea]
o r  Kb = 6 .0  x 10"7
This agreement is as good as would be expected of the 
approximate conductivity measurement, and it is useful to 
establish that the oorrect order of magnitude of K can be ob­
tained in this way, because for diethanolamine no independent 
value of K appears to have been reported.
■2
(B) The second solution was also 0.01177M with respect 
to triethanolamine hut was also 0.0 0 2 1 3 5M with respect to 
copper# This solution had a conductivity virtually identical 
with that of the solution in which no copper was present, which 
supports the inference previously made,that copper is released 
from the resin in an uncharged form.
On the addition of sodium hydroxide to the solution the 
conductivity increase is markedly smaller than before, indicating 
that a reaction involving copper leads to a reduction in con­
ductivity. This reaction is presumably the formation of the 
anion found by Hall by migration studies :
CuTea0 + Na+ + OH CuTea  ^ + Na*
The reduction in conductivity will be due to the anion
—1 —CuTea having a lower mobility than the OH ion.
An approximate measure of the extent to whioh this
reaction takes place can be obtained as follows. The solution
contains 0 . 4 2 7 m.moles of copper and the added sodium hydroxide
is 0.1372N. The copper and sodium will be present in equivalent
amounts when 0.427/0.1372 = 3*11 ml* NaOH have been added.
At this point the specific conductances of the solutions
- 3with and without copper are 1.12 x 0.329 x 10 ■ and
1.43 x 0.329 x 10 . The equivalent conductances are :
- 1 2 8 -
= 12 2 2 $  n Xri-.2, *,„P«,329, x 203^1 1>e< 1 7 5 , 2 6  and 223.9
C 4.2? x 10~4 1000
respectively. The latter figure agrees reasonably with what
would be expected of an approximately 0*02N solution of sodium
hydroxide. The chemical reaction written above would lead to
a reduction in value of from ( 1 9 6 + 5 0-1 ) to (40 + 5 0.1 ),
— +where 198 and 50,1 are the mobilities of the OH and Na ions,
and 40 is estimated for the value for CuTea This is a
reduction from 2 4 8 . 1 to 9 0.1 , corresponding to a reduction of 
158/248.1 x 100 or 63.7$ for complete conversion. Complete 
conversion at the concentration considered would therefore cause 
a drop from 223.9 to 0.3&3 x 223.9 = 81.3? or 143 units. The 
observed drop of 4 8 . 6  units corresponds to = 3 4.0% of
CuTea° converted to CuTea ^ 0 3-H x 0.1372 m. moles of NaOH
have been added, and 0 . 3 4 0 x 0 . 4 2 7 m.moles have been used in the 
reaction. The concentration of free OH is therefore
^0.340 x 0.427 m.mole in 203*1 ml., or
f b J k y L ^ L i  = 7,15 x 1 0- V
Therefore for CuTea0 + OH CuTea”"1 + li20 we have
r  - 1  1
log K - log i-^uTea 1 _ 0,340
[CuTea°][0H_] 0.660 x 7.15 x
= 2 . 8 6 ,
25 Correct value is 0.66 instead of 0,34. This alters the values 
of log K, log K* and log CuTea~I to 2.56, -11,43 and -3 . 6 6  
re spe ctively.
combining with log [rf] + log [OH] = -14.00
[CuTee-1][H+]
log 1C' = log ----------- - =-11.14
[CuTea ]
or for the reaction :
o -1 +CuTea + Tea CuTea + Tea ,
the above constant can be combined with
[Tea*]
log  --- *— „  - 7.77 at 25° [33] to give
[Tea][H ]
[CuTea-1][Tea+]
log -- — — —    = 7,77 - 11.14 = -3.37
[CuTea ][Tea]
There is one way in which this estimate can be tested. Bolling
and Hall, in their migration experiments observed that copper
moved to the cathode at pH <  9*8, to the anode at higher pHfs
-1and did not move at pH 9*8* If it is assumed that CuTea and 
+ 1CuTea have equal ionic conductances, at pH 9*8 we have the 
equilibria :
CuTea*’*' CuTea0 CuTea*"'*’
at the point where [CuTea*'*’] = [ CuTea*”'*’].
[CuTea0][H*]
The constant log — —   = -8,46
[CuTea*]
has already been determined potentiometrically.
- 130-
[CuTea-1][H+]
Adding log —  r— —  = log IC*
[CuTea ]
we have :
[CuTea0][H+]2[CuTea-1]
log       - = log IC* - 8.4 6 .
[CuTea ][CuTea+1]
•J *1
But when log [H] = -9*8, [CuTea*" ] = [CuTea* ], and therefore
-19*6 * log K * - 8 . 4 6
log IC* = -11.14*
This agrees with the value obtained conducti-
metrically.
(3) RESIN EXPERIMENTS
The results show that copper is readily extracted from a 
Cu-resin by Dea and Tea, just as had previously been found for 
Mea. Th© results obtained are not strictly comparable with one 
another on any basis, as the weights of resin and solution, 
as well as the concentration and swelling, varied from one experi­
ment to another; but Figs. 1, 2 and 3 giv© & general picture 
of the results obtained*
A strictly quantitative treatment of the results is not 
practicable, as there are unknown factox*s such as the distribu­
tion coefficients of the various speoies present between resin 
and external phase. But the stability constants derived from
- 1 3 1 -
the conductimeiric and potentiometric results have been applied, 
in the following calculations, to the series of results with 
Tea and the 2# cross-linked resin. Assumptions regarding the 
distribution coefficients had to be made, and the calculations 
were lengthy, but the agreement with the experimental results 
is sufficiently good to show that the extent of the extraction 
of copper can be predicted fairly olosely from the information 
provided by other methods.
CALCULATIONS
The copper present in the system may be in any of the 
following forms : CuTea^*, CuTea*, CuTea0 and CuTea""'*'. The 
complexity constant :
[CuTea2*] ,
 -----  = 1 x lO4
[Cu ][Tea]
shows that even at the lowest Tea concentration used the amount
2 +of uncomplexed Cu is quite negligible* The proportions 
present of the other Cu—species are connected by the three other 
constants already derived. When these are combined with 
log [Tea*]/[Tea][H*] = 7*87 we obtain :
CuTea^* + Tea CuTea* + Tea*;
log Kx = 7*87 - 6.33 = 1*52*
- 1 3 2 -
CuTea* + Tea CuTea0 + Tea*;
log K2 = 7.87 - 8 . 4 6 = -0.59.
o —1 +and CuTea + Tea CuTea + Tea ;
log K3 = 7.87 - 11.14 - -3.27.
When the resin is brought into equilibrium with Tea
solution, the copper ions form the Tea—complex, and then react
+ owith further Tea to form CuTea and CuTea ; the latter, being
uncharged is not held in the resin, and can pass into the outer
- 1solution where it can further react to form CuTea ; this last 
species will not exist at significant concentration in the 
resin phase, however, since it will be repelled by the negative 
charge of the resin framework (Donnan effect).
Consider the solution phase, containing a~g.moles of Tea, 
p~g,atoms of Cu in w g. of water. The copper has entered the
-j
solution as CuTea , but some will further react to give CuTea
Let a be the fraction of Cu reacting in this way. The solution
—1 + then contains ap g,moles of CuTea , and ap g.moles of Tea
formed in this same reaction. It also contains (l - a)p g.moler
of CuTea0, and the amount of free Tea is (a — ap — p) g.mole s.
The equation now becomes :
[CuTea-1] [Tea*] (a|3)2
log --------— ----  =     = -3.27(3')
[CuTea ][Tea] (l — a)p(a — ap — p)
- 1 3 3 -
Consider now the resin phase. Suppose that 2x g.
equivalents of Cu resin were used. This originally contained
x g.atoms of Cu, hut p have passed into the solution, being
replaced in the resin by 2p g.moles of Tea**, Of the (x - p)
g.atoms of copper remaining in the resin phase, part will be
CuTea0 contained in the swelling liquid, and if a distribution
coefficient of 1 is assumed, the amount of this will be 
_ |
— (1 - a)p where w ! gms. is the weight of swelling water in 
the resin; a part, say y g.atoms, will be as CuTea , and xn 
the formation of this an amount of y g,moles of Tea will be 
similarly produced; and the remainder of the copper,
(x - p - (1 - a) p - y) g.atoms
2 +is in the form CuTea" , Also, the amount of free Tea in the
resin is (a — ap - p) g.moles, if a distribution coefficient
+of 1 is again assumed, and the amount of Tea is
(20 + 2 Zl (1 - a)0 + y). .
Equation 1 now becomes :
n [ CuTea*! [Tea*] _ . ? ^ 20 + 2±-(l - a)0 + y^ ____________
S [CuTea*’"] [Tea] °S£X _ p _ sl(l _ a)p _ 3Li(a _ ap_p)
= 1 . 5 2  ( I 1 )
and e q u a t io n  2 :
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[CuTea°][Tea*] (l - a)p |2p + y + 2-j-(l - a)p|
log ......      =: log.......—.—..1  — — — — —— ........
[CuTea*][Tea] y. —  (a - ap — p)
= - 0 . 5 9  ( 2 1 )
Equations (l1)# (2*) an& (3*) can be solved for the three 
unknowns, a, p and y. The method adopted was one of successive 
approximations, a guessed value of p being put into equations 
(31) and (2*) to obtain preliminary values of a and y, which 
were then used to estimate a better value of p from (I1) and 
(2f), and so on. The results obtained are shown in the follow­
ing Table and plotted in Fig. 1 (calculated),
TABLE 2 5
Molality of Tea 3.675 2.208 0.9802 0# 5320 0.2936
Fraction of Cu 
extracted 0.76 0.68 0.58 0.33 0.27
The results are quite successful in predicting the 
general trend of the results. Minor differences can be expect­
ed between the ourves, (a) because Mea and Dea are much stronger 
bases than Tea, and will be correspondingly more effective 
extractants, especially in the more dilute solutions; and (b)
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because significant amounts of the CuTea0 released by the 
ionic groups of the resin are retained in the swelling liquid 
in the resin. This prevents the extraction in an equilibrium 
experiment from ever being complete, and should lead to lower 
extraction figures for the more lightly oross-linked resins, as 
is found.
The sharp maximum in the 2% ourve for Tea at high con­
centrations is not reproduced by the theoretical curve. No 
explanation can be suggested for it, and as it is not found 
in the other series it is probably due to experimental error.
The results show that Mea, Dea and Tea will all be most 
effective eluants for bringing about the complete extraction 
of any oupric copper contained in a cation exchanger.
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3* PIETHANOLAMINE COMPLEXES OF Ca(ll)
The Cu(ll)~d±ethanolamine system has been studied hy a
number of workers, though systematic studies are still required,
R. J. Flannery et al,[7]? from polarographic studies,
reported the cuX ++ type complex between Cu(ll)-diethanolamine*4
By the same method, R. S. Subrahmanya [10J deduced the existence 
of complexes: Cu(dien)1 (0H)2, Cu(dien)2 (0H) 2 and Cu(dien)2++ 
between Cu(lI)-diethanolamine at various pH in the presence of 
various alkaline reagents. As a result of conductimetric 
studies of solution in methanol, Hall and Dean [ll] reported 
the same species in alkaline solution. They both showed that 
the ionised OH groups are capable of coordination in basic 
solutions,
"fha pK of the Dea cation is reported as 9.0 [35]? corres™ 
ponding to a basic dissociation constant for Dea of 1 x 10 .
The only previous work on oopper complexes thought to be 
reliable is that of Fisher and Hall [3] who found that at 
concentrations of Dea of 0.01 - 0.1M, and pH = 9 - 11? their 
results were fitted by a formula close to CuDea2 (0H)2, with log
[CuPea2 (0H)2] = 1 9 ,^ analogy with the Mea and Tea
[Cu2+][0H-]2 [Dea] 2
compounds this is presumably the compound :
^  \  ^  \
C2 HA ^  Cu 3  C=>H>
\  /  \  /  UNH 0
0 _NH
W H
, « » ( 1 )
At pH 3= 13, Fisher and Hall obtained an approximate formula 
Cu(Dea)n _(0H)q r , which, they say, indicates "a polynuclearX • J) u • p
complex' or a mixture of complexes in a fixed ratio". However,
the complex (l), or any Dea - Cu complex will presumably tend
to lose two protons at increasing pH, and the struoture so
0 —formed,
Cu NH
C2 \
would oomplete its coordination sphere most economically by 
using one bond from a second Dea molecule, The ion thus formed 
would be
0 —  Cu Dea
Gu ==s Dea 
0 Cu rss Dea
NH
I
C2H4'
—t 2 —
and this (which would be written Cu^Dea^(OH)g by Fisher and 
Hall) would be in good agreement with their approximate formula.
For a systematic survey, the present work was carried out 
over a wide range of pH values and concentration of amine. As 
for Cu(ll)-triethanolamine, the same methods have been studied
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for Cu(Il)-diethanolamine systems. Xn addition, spectrophoto- 
metric studies were made at different pH values and ionic 
strengths at below 1 : 4 and above 1 : 4 ratios of Cu : Dietha- _ 
nolaraine. These methods within their limits gave the following 
information regarding the formulae and the values of stability 
constants of the complexes formed between Cu(ll)-diethanolamine.
RESULTS
(1) CONDUCTIMETRY
The titration of Dea(alone) with NaOH (Eig.llA) followed
the expected curve; the extrapolated line passes through the
origin, and the suppression of the ionisation of the base by the
added OH*" is reflected in the early points of the curve. The
initial solution was 0.01274M, and its l/R value was 
-30.21 x 10 , corresponding to A  = 5.5. If its Q value is
assumed to be A  + A  DeaH* = 198 + 43 - 243 (where A  DeaH*1 =
45 is a guessed /value), the Ostwald dissociation constant is :
A 2c (5.5)2 x 0.01274 _g
K = 1.. .—- =    -■■■  .... *  = 6.7 x 10
A  (A  Q - A) 243 x 237.5
With an assumed value A°DeaH+ = 40, K = 7.0 x 10~ . These 
values are in reasonable agreement with Bjerrum*s [35] approx. 
value of 1 x 10 ,
In the solution containing copper (Eig.llB), the initial
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conductivity falls by just over 50%, indicating that much of 
the amine has been bound by the copper to form an unionised 
complex. The proportions present were 6,19 moles of copper 
to 25-48 moles of Dea, and the disappearance of approximately 
half of the Dea indicates the formation of the complex
Cu(NHC, Ho09H)p, whioh presumably has the structure of the complex
* ° . 0oH. OH 
J 2 4
TO _ 0 ^
j/*
2 4 ^ 0 ^  2 4
f
i 2 H4 ° H
On adding NaOH to the mixture the resulting curve has a 
somewhat smaller slope than the first ourve, indicating that 
there is a definite tendency for the oomplex to react with OH 
to give an anion. The effect is not large enough to attempt 
to distinguish between the possibilities, suoh as, that the 
polynuclear complex of Fisher and Hall is being formed, or that 
compound (l) is increasing its coordination number to 5 or 6 
by the loss of further protons,
(2) FOTENTIOMETRY
NaOH solution was added to solutions containing 0.005M
Cu(C10^)2 and varying amounts of DeaHClO^ (Fig,5)* With ratios 
2+ +of Cu : DeaH of 1 : 1, 1 : 2 and 1 : 3 precipitation occurred 
during the early part of the titration. The NaOH added
contained 0 , 1 3 7 2 millimoles/ml„, and the original solution
50 x 0,005 ~ 0,25 millimoles of copper, and small additions of
NaOH evidently precipitated Cu(0H)g before the formation of 
2 +CuDea was complete,
2 ± j<When the ratio of Cu : DeaH was 1 : 10 the solutions 
remained clear throughout the titration and under these con­
ditions two series were titrated with 0.0644N and 0.1372N NaOH 
respectively.
Estimation of from points at low pH
First, blank corrections were made, as the Cu(C10^)2 
solution, prepared by ion—exchange method oontained some free 
acid. Th© theoretical pH of a DeaHCIO^ solution was obtained 
by considering the amount of hydrolysis, DeaH Dea + H ,
that had occurred. This was given by
[Dea][H+] [H]2 _g „
 T —  =  T  = 1 x 10 9 or [H] = 50 x 10
[DeaH ] [DeaH ]
for 0.05M solution. Thus [H] = 7 x 10 , so pH = 5.15. To
fit this initial pH values, the correction of 0,4 nil. and of 
3.2 ml. were applied for the titration with 0,1372N and O.0644N 
NaOH respectively.
At about pH 6, the first two points on eaoh of th© curves 
were analysed for the estimation of by the same method as for
Cu(ll) - Tea system. The values obtained were as follows :
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The values of rises rapidly and so it was assumed that
the formation of CuDea2* + OH** — ^  CuDeaOH* rather than
2+ 2+CuDea — CuDea^ taking plaoe. Here the speotrophoto-
metric measurements also offered the same guidance. Two runs
(Fig,26,27)? I 1 and 2 were carried out under similar conditions
in a buffer solution containing a large exoess of DeaHClO^.
I1 was at a Dea/Cu ratio 1,7 and the pH was 5.82; 2 was at a
Dea/Cu ratio of 1*5? the pH being 5*90, If CuDea^^^ is formed
l f should contain a good deal of more of it than 2, and would
be expected to show a higher absorbance; instead, the curves
are in the inverse order, indicating that the effect of altering
the pH from 5*82 to 5*90 and the consequent formation of
CuDea* (which also has a high absorbance) outweighs any effect
due to a second Dea being bound by copper. In other words,
even at a pH of 5.8 — 5*9 the added OH is bringing about a
significant amount of the reaction CuDea2* + OH*" — 3>- CuDea* + H^O
2 +However, it is sure that the complex CuDea is formed at low
pH values, of course, the measurement at pH ^  6 cannot be
2 +used to derive a stability constant for CuDea • The value
1^ 1 “ 3*® was therefore accepted for the approximate stability
2+constant of CuDea and the value further used for analysing
j Hthe higher range of pH values. (K-i- 3.8 was a reasonable
1  1
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extrapolation of the results, when the apparent log IC values 
are plotted against the apparent concentration of free Dea)*
Estimation of and K(MQHL)g
An analysis of the data in the range pH 6 — 7 was carried
out next, using the value log KMT - 3*8, and making allowanceML
2+ 2 +for the possible presence of copper in the forms Cu ,(CuDea) ,
i Q t
(CuDeaOH ) and (CuDeaOH)^ by the same method as for
Cu(ll) — Tea system. The results for one series with 0.1372N
NaOH were as follows :
TABLE 24 
1 : 10 ratio with 0.1372N NaOH
X 1.5 2. 0 2.5 3.0 3.5
X 1 1.1 1.6 2.1 2.6 3.1
pH 6.29 6*49 6.70 6.88 7.07
[Cu] 0.1305 0*0927 0.06032 0.0359 0.01819
[CuDea] 0.09385 0.1042 0.1059 0.09322 0.07145
[CuDeaOH+] 0.0257 0.0531 0.0838 0.1209 0.1604
km o h l x:lq 1.405xl07 1,644x10 ^ 1.579xlo"7 1.709xlO~7 1.911x10'
—144*“
and [(C
(a - [Cu] - [CuDea]) [H] [CuDea]
kmohl + 2k(mohl)2* [H]
A Martell plot [36] was used to determine whether &i— 
meriaation takes place* The results of the above series was 
shown in Fig.29 and the positive slope of the graph indicates
These are of the same order of magnitude as those found by 
Martell et al, [36] for the 3 hydroxyamines used by them, 
supporting the existence of dimers* No reliance is placed on 
the quantitative acouraoy of the K values, however, because (a) 
with Dea, unlike Tea and the amines used by Martell, there is 
the probability that as the titration proceeds and the con­
centration of free Dea increases there will be a tendency for
2+ . 2  +the reaction CuDea ' — CuDea^ to be taking place; the con­
stant may therefore be a mixed value for the processes:
CuDea2* + 0H~ — ^  CuDea*OH and CuDea22+ + OH*" — 5^  CuDea2*0H, 
whilst it may be only the first of these and not the second which
2 +that in this case dimerisation to (CuDeaOH)2 does take place.
The K values obtained from this curve are :
k mohl = and K(M0HI.)2
- 7
2 - 0  X IO
-7
1 *0  X I O
0 . 0 1  —   1 1 1------------------
10.000  2 0 ,0 0 0  3 0 .0 0 0
is able to undergo dimerisation; (b) the second approximations
and activity coefficient corrections that were applied to the 
Tea results — which appreciably increased the value that
was obtained from the first approximation - have not been con­
sidered worthwhile in this case owing to the other uncertainties 
mentioned under (a).
Analysis above pH 7
2 +At pH = 7? the solution may contain the species CuDea ,
CuDea2** CuDeaOH*, (CuDeaOH)/*, CuDeagOH*, CuDea(0H)2° and 
CuDeap(OH)g°. A complete analysis of the system is clearly 
impossible, and it is not feasible to use the equations applied 
to the equilibrium between CuTeaOH* and CuTea(0H)2° because one 
cannot know how much of the added OH*" has gone in the reaction 
DeaH* + OH — Dea without knowing the exact proportions of 
species with a Cu/Dea ratio of 1, and species with a Cu/Dea ratio
of 1 : 2 ,  So in the circumstances it was decided to combine
the results with the acidity constant derived from spectrophoto­
metry, This was used to throw further light on the question of 
the Cu/Dea ratio.
The spectrophotometric results show that the mono-hydroxy 
form is half converted into the uncharged form at pH = 8, 
Therefore :
l n 2 ****log IC0 ~ log — — — — — —  ------ - 8.0, and
[CuDean(0H)+]
[CuDea (0H)2]°
so at other pH values l o g   ----    —  = pH -8.
[CuDea^ (o h ) ] n
We also have the equations :
Total Cu = [CuDea] + [CuDeaOH*] + [CuDea(0H)°] + 2[(CuDeaOH)^]
Total OH = Total Cu - [CuDea] + [CuDea(0H)2]
log [CuDeaOH*] - log [CuDea] + (pH -6.854)
log [CuDea(0H)2] a log [CuDea] + (2pH -14*854)
and log [(CuDeaOH)2] « log [CuDea]2 + (2pH -13.00)
With these equations the values of the concentrations 
of each species can be determined, and the results are given 
in the following table :
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This method of calculation is very indirect, and all errors
accumulate to affect the final figure. Nevertheless this shows
that 0.25 millimoles of Cu are combined with a mean value of
0,27 millimoles of Dea (extreme values of 0,1829 and 0.3426).
2 +There is therefore no evidence in the titration of CuDea to 
0uDea° that complexes containing more than one molecule of Dea 
are formed.
Summary
The three pIC values, P^j = 3.8, pK^Qjj = 6.854 and 
^(MLOH) ~ 13.00 have been determined. However, all values are 
approximate, beoause of (a) and (b) Ciscussed above. The re­
sults cannot be compared with those of Fisher and Hall who refer 
to the formation of CuDea^OH)^ at much higher concentrations 
of Dea than those used here. As Table 25 shows, the degree of 
complexing in the present results did not ever greatly exceed 
a ratio (Bound Dea)/Cu of 1.
S PE C TR0PH0 T OMETRY
To study the system as fully as possible the absorption 
was measured over a wide band of wave-lengths of solutions con­
taining Cu(C10^)2 at a constant concentration of 0.0025 moles in 
50 ml,; and various amounts of Dea and DeaHClO^ to give buffers 
covering as large a change as possible in pH* It was not
possible to study high Dea/Cu ratios at a low pH, as a buffer
with a [salt]/[base] ratio of 100 : 1 has a pH of 5-60; oon—
2+ 2 h*sequently the change in completing from Cu through CuDea
2+to Cu(Dea)2 "r and possibly higher complexes could not be 
studied in isolation from the other effects of a rising pH,
Fig. 28 (at constant pH and ionic strength) shows the 
absorption curves for Cu(C10^)2, and for mixtures of this with 
varying concentrations of Dea. The picture is complex, and 
there is little doubt that as the concentration of Dea is in­
creased the number of Dea molecule in the complex will be 
increasing from 0, through 1, to 2 (or higher), and at the same 
time the increasing pH is bringing about the loss of protons 
to form singly-charged and eventually uncharged species.
Results over as low as possible a pH range were obtained 
by using mixtures containing 0.0025 mole Cu(C10^)2, 0.25 moles 
DeaHCIO^ and varying amounts of Dea or NaOH. The results are 
shown in Figs. 26 and 27, and at pH!s up to 7 are tabulated in 
Table 26, as follows :
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TABLE . 26
Curve s pH [Cu]moles [Dea]mole s [DeaHClO^] 
mole s
Ratio 
Dea/Cu
1 5.60 0 .0 0 2 5 0 .0025 0.24-75 1 : 1
lf 5.82 ft 0.0044.3 0 .2 5 1 . 7  : 1
2 5 .9 0 If 0# 00375 0.24.625 1 .5  : 1
3 6.20 ft 0.0050 0.24-5 2 : 1
2 * 6 .38 ft 0 .00739 0 .2 5 3 * l
4 6.40 ff 0 .00625 0 .2 4 3 7 5 2 .5  : 1
5 6.50 It 0 .0 0 7 5 0 .2 4 2 5 3 : 1
6 6 .6 5 tt 0 .00875 0 .2 4 1 2 5 3 .5  : 1
3* 7 .0 2 tt 0.014-8 0 .2 5 6 : 1
4 1 7 .2 7 tt 0 .0 2 2 1 7 0 .2 5 9 : 1
If the changes shown in Fig.26 and 27 (up to pH = 7) are 
due to shifts, with increasing pH, in the equilibrium :
CuDea2* =2* CuDea*1 + H* ; x ^ x
[CuDea*] f2
pH + log K a log — ---j— . + log ~  and
[CuDea2*] 2
neglecting the small activity coefficient term it will be seen
that the absorbance at any given wave-length, which is determined
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+1 2 +by the [CuDea ]/[CuDea ] ratio, will show, when plotted against 
the pH, the $-shaped curve familiar in indicator equilibria.
The mid-point of the curves, where A pH/ A e is a maximum will
Hh 2 Hh *1correspond to [CuDea ] = [CuDea J, and pH = -log K.
The e values at wave-lengths of 500, 550, 600, 650 and 
700 were plotted against pH, and gave turning points at pH =
6.40 i 0.02. Thus the value of pK for the reaction is 6.40’, 
agreeing with the value found from the potentiometric titration. 
The dimerisation which accompanies the formation of CuDea could 
not be distinguished in this method.
It will be noticed in this series that the Dea/Cu ratio 
is varying from 1;1 to 6;1, so that the results at the lowest 
pHfs refer to mixtures containing significant amounts of the 
mono-complex, whereas for the curve at pH ~ 7 the copper will 
be fully complexed. This is inevitable and appears to have 
little influence on the pK derived* As regards the absorptions, 
curves 2* and 4 which are at the same pH but at Dea : Cu ratios 
3 : 1 and 2.5 : 1 identical, which suggests that for both the
Dea : Cu ratio in the complex is 2 : 1. It is probably only 
the curves 1, 1* and 2 that are affected by incomplete complexing 
as is also suggested by their abnormal behaviour at long wave­
lengths, where they cross the remaining family of curves.
The r e s u l t s  o f  s e r i e s  ( F i g s .  2 5 , 2 7 )  above^* pH 7 are
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shown in Table 27# The pH values of the curves, 1, 2, (0) 
and (©) of the first series (Fig.2 5 ) were calculated from the 
dissociation constant :
[DeaH+][0H—]
—..........  — . -  6 . 6  x  10
[Dea]
The pH 8.52, 8.82, 9.52, and 11.11 were obtained for curves 1,
2, (Q) and (©) respectively (neglecting complexing and activity 
coefficient).
TABLE 27
I
Curve s pH [Cu]moles [Dea]mole s [DeaHCIO, ] 
moles
Ratio 
Dea/Cu
4 ' 7 .2 7 0 .0 0 2 5 0 .02217 0 .2 5 9 : 1
5* 7 .5 0 it 0 .2956 0 .2 5 12 : 1
6* 7 .9 0 t! 0 .5913 0 .2 5 2 3 .6  : 1
7 1 8 .1 0 tt 0 .08872 0 .2 5 36 : 1
8 ' 8 .3 0 « 0.1478 0 .2 5 59 : 1
1 ( 8 . 5 2 ) . 0.25 0.50 100 : 1
2 ( 8 . 8 2 ) II 0 .2 5 0 .2 5 100 : 1
( 0  ) ( 9 . 5 2 ) It 0 .2 5 0 .0 5 100 : 1
( O ) (1 1 .1 1 ) tt 0*25 0 . 0 0 100 : 1
( A ) - tt 0 .2 5 [o h ]= o . 05 100 : 1
!
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These belong to a different family of curves, the change 
in character at a pH near 7 being quite clear. It is assumed 
that they reflect the second stage in deprotonation :
CuDea* — ^  CuDea° + H* ;n n
The values for several wave-lengths are plotted against 
pH in Fig.30, and gave turning points corresponding to pH = 
pK = 8.0.
The ratio [Dea]/[Cu] is high for all these curves, and it 
seems most probable that n = 2 ; if this is so the results give:
[CuDea2*]
(1) 3.8 = log —s—— — — -
[Cu ][Dea]
[CuDea*][H+]
(2) —6.40 - log — —  — -
[CuDea2*]
(3) -8.0 * log
On adding (l) and (2)
[CuDea°][H+]
[CuDea*]
[CuDea*][H+]
[Cu2 + T [ D e a ]
[CuDea9]
(4) if log — --7----- = log Kp
[CuDea ][Dea]
[CuDea*][H+]
(5) log ----^  -o = log -2.60
[Cu ][Dea] 2
Adding (3) and (5)
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[CuDea°][H+]2
log *— r—    - q ~  = log -10.60
[Cu ][Dea] 2
Also log [H+]2[0H~]2 = 2 log Kw = -28.0.
Subtracting from previous equation :
[CuDea0]
log— — pT  o = log Kp + 17.4
[Cu ][Dea] [0H~]
According to Fisher and Hall the value of this constant
is approximately 19.4, and a comparison then gives log IC2 = 2.0.
Such an indirect comparison involves a very large possible error
but the result appears reasonable in view of the directly de—
2 + 2 +termined value log K^ = [CuDea ]/[Cu ] [Dea] = 3*8. A somewhat-
smaller value would be expected for Kg, Th© absorption curve
at pH 11.11 differs little from that at pH = 9 and fixes the
absorption of the species CuDea2(0H)2 with accuracy, By ana—
2 +lysis of the curves at lower pH!s the absorption of CuDea
+ 1 ,and CuDeaOH are obtained with somewhat more uncertainty and the
result is shown in Fig,31* This resembles a diagram given by
Bolling and Hall for the Cu—Tea system except that the maximum
absorptions are all displaced to somewhat shorter wave-lengths
in the Dea-system, and that the maximum absorption of CuTea0
+appears to be greater than that of CuTea whereas the reverse is 
the true here.
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V a r i o u s  s t u d i e s  e x i s t  i n  t h e  l i t e r a t u r e ,  w i t h  d i f f e r e n t  
o p i n i o n s  a b o u t  t h e  s t r u c t u r e  and p r o p e r t i e s  o f  t h e  b l u e  o r  v i o l e t  
c o p p e r  c o m p l e x e s  o f  m o n o e t h a n o l a m i n e .  F l a n n e r y  e t  a l .  [ 7 ]  and  
a l s o  M i g a l  and P u s h n y a k  [ 8 ]  s u g g e s t e d  t h a t  t h e  e t h a n o l a m i n e s  
a c t  a s  a s i m p l e  amine  and t h e  b o n d i n g  t o  t h e  m e t a l  o c c u r r i n g  
o n l y  t h r o u g h  t h e i r  -NHg g r o u p s .  On t h e  o t h e r  h a n d ,  R, S.  S u b -  
rahmanya  [ 1 0 ]  and H a l l  and James [ 1 2 ]  showed t h a t  t h e  i o n i s e d  
OH g r o u p s  o f  t h e  l i g a n d  m o l e c u l e s  ar e  o a p a b l e  o f  c o o r d i n a t i o n  i n  
s u f f i c i e n t l y  b a s i c  s o l u t i o n s ,  " S t a b i l i t y  C o n s t a n t s ” [ 3 7 ]  q u o t e  
f o r  t h i s  s y s t e m  t h e  v a l u e  l o g  P2 ( 3 0 ° )  -  6 . 6 8  and l o g  P^ =
1 6 . 4 8 .  The l a t t e r  r e s u l t  o f  F l a n n e r y ’ s i s  u n r e l i a b l e  a s  h a s  
b e e n  p o i n t e d  o u t  by  B o l l i n g  and H a l l .  F i s h e r  and H a l l  [ 3 ]  
h a v e  more r e c e n t l y  u s e d  p o l a r o g r a p h y , a v o i d i n g  F l a n n e r y ’ s e r r o r ,  
and i d e n t i f i e d  a c o m p l e x  CuMea2 ( 0 H ) 2 a t  [Mea] = 0 .  01 ~!,>0 . 10  and  
pH 11 -  1 3 * 5 ;  a t  a h i g h e r  c o n c e n t r a t i o n  o f  amine  t h e  c o m p l e x  
a t  pH = 9 was t h o u g h t  t o  be  Cu(Mea^)0Hy w h e r e  y  i s  n e a r  2 .  In  
a d d i t i o n ,  D a v i e s  and P a t e l  [ 1 9 ]  p u b l i s h e d  e v i d e n c e  t h a t  t h e  
e t h a n o l a m i n e  c o m p l e x e s  can l o s e  p r o t o n s  a t  s u f f i c i e n t l y  h i g h  pH 
v a l u e s ,  t h e n  a c t i n g  a s  b i - d e n t a t e  l i g a n d s ,  a t t a c h e d  t o  t h e  m e t a l  
by n i t r o g e n  and e t h o x i d e  b o n d s .
Wi th  t h i s  e v i d e n c e  t h a t  Mea i s  w e a k e r  e o m p l e x i n g  a g e n t
4* MONOETHANOLAMINE COMPLEXES OF Cu(ll)
t h a n  Dea o r  T e a ,  b u t  t h a t  a t  h i g h e r  c o n c e n t r a t i o n s ,  a Mea/Cu
r a t i o  o f  3 i 1 oan be  r e a c h e d ;  i t  i s  p r o b a b l e  t h a t  t h e  s y s t e m
2+  2 +i s  a v e r y  c o m p l i c a t e d  o n e .  F i r s t ,  t h e  s p e c i e s  Cu , CuMea ,
2+ 2 +CuMea^ and CuMea^ mus t  be  e x p e c t e d ,  t h o u g h ,  a s  Mea i s  a
s t r o n g e r  b a s e  t h a n  Dea o r  T e a ,  i t  may be  i m p o s s i b l e  t o  r e a c h  t h e
2 +h i g h  c o n c e n t r a t i o n  o f  Mea n e c e s s a r y  f o r  CuMea^ t o  form w i t h o u t
e s t a b l i s h i n g  a pH a t  w h i c h  OH i o n s  w i l l  a l s o  be  c o o r d i n a t e d .
S e c o n d l y ,  i t  mus t  be  e x p e c t e d  t h a t ,  l i k e  Dea and Tea ,  w i t h  r i s i n g  
2 +PH t h e  CuMea^ c o m p l e x  w i l l  l o s e  a p r o t o n  t o  form ( v a r i o u s )  
CuMea^ c o m p l e x e s .  T h i r d l y ,  i f  a l l  t h e  c o o r d i n a t i o n  p o s i t i o n s  
o f  t h e  Cu a r e  n o t  f i l l e d  by a m i n e ,  t h e  same pH r a n g e  may b r i n g
4~ Hha b o u t  t h e  f o r m a t i o n  o f  t h e  h y d r o x y - c o m p o u n d s  CuOH , CuMeaOH
T h e s e  a r e  t h e n  l i a b l e  t o  f o rm b i n u c l e a r  c o m p l e x e s ,
OH
/  \
CuMea ■£ .CuMea
4  xOH
w h e r e  x may be  1 o r  2 .  F i n a l l y ,  a t  h i g h e r  pH u n c h a r g e d  com­
p l e x e s  a r e  f o r m e d .
( 1 )  CONDUCTlMETRIC RESULTS
The 2 0 0  m l .  m i x t u r e s  f o r  w h i c h  t i t r a t i o n  c u r v e s  a g a i n s t  
0 . 1 3 7 2 N  NaOH a r e  shown i n  F i g . 12 had t h e  f o l l o w i n g  c o m p o s i t i o n  
(A)  0 .0175M Mea and ( b ) 0 . 0 1 75 M  Mea and 0 .0 0 2 3M  c o p p e r .
(A)  One e f f e c t  o f  an i n c r e a s i n g  e x c e s s  o f  NaOH w i l l  be  t o
Mea + H„0 MeaH+ + OH” ;
a l l o w i n g  f o r  t h i s ,  t h e  e x c e s s  NaOH l i n e  p a s s e s  t h r o u g h  t h e  
o r i g i n ,  i . e .  t h e  c o n d u c t i v i t y  i s  e n t i r e l y  due  t o  t h e  added  NaOH, 
The e x c e s s  s l o p e  i s  e x a c t l y  t h a t  p r e d i c t e d  f o r  NaOH (no  i n t e r ­
a c t i o n )  and o o n f i r m s  t h e  v i e w  t h a t  t h e  i o n i s a t i o n  o f  t h e  Mea i s
■Z
b e i n g  s u p p r e s s e d .  The i n i t i a l  10  / R  v a l u e  f o r  0 .0 17 5M  Mea was  
0 . 5 3 0 ,  and h e n c e  t h e  e q u i v a l e n t  c o n d u c t a n c e  was  A  = 1 0 . 0 5 *
I f 1 a A  0 v a l u e  o f  198  + 55 = 253 i s  a s s u m e d ,
K = —     = 2 . 9  x  1 0 - 5 .
A  ( A  0 -  A  )
T h i s  a p p r o x i m a t e  v a l u e  i s  i n  s a t i s f a c t o r y  a g r e e m e n t  w i t h  
l i t e r a t u r e  v a l u e  o f  K = 3*1 x  10   ^ [ 3 8 ,  3 5 ] *
( B)  When c o p p e r  i s  p r e s e n t  t h e  m e a s u r e d  c o n d u c t a n c e  f a l l s  
f ro m 0 . 5 3 0  x 10*"^ t o  0 . 3 9 5  x 1 0 ~ ^ ,  b u t  t h e  l i n e  f o r  t h e  a d d i t i o n  
o f  NaOH s t i l l  h a s  t h e  t h e o r e t i c a l  s l o p e ,  s h o w i n g  t h a t  t h e  c o p p e r  
c o m p l e x  p r e s e n t  a t  t h e  b e g i n n i n g  o f  t h e  t i t r a t i o n  d o e s  n o t  r e a c t  
w i t h  t h e  added  OH i o n s .  T h i s  t h e o r e t i c a l  l i n e  when e x t r a ­
p o l a t e d  p a s s e s  t h r o u g h  t h e  o r i g i n ,  s h o w i n g  t h a t  t h e  c o p p e r  
c o m p l e x  i s  u n c h a r g e d  and d o e s  n o t  c o n t r i b u t e  t o  t h e  c o n d u c t i v i t y t 
The c o n c e n t r a t i o n  o f  f r e e  Mea i n  t h e  c o p p e r  c o n t a i n i n g  s o l u t i o n  
i s  a p p r o x i m a t e l y  0 . 0 1 7 5  x  ( 0 . 3 9 5 / 0 . 530)M,  i f  t h e  s m a l l
suppress the ionisation of the free base :
- 1 6 1 -
c o n c e n t r a t i o n  ch an ge  i s  a s s u m e d  t o  he  p r o p o r t i o n a l  t o  t h e  c h a n g e  
i n  c o n d u c t a n c e .  T h i s  g i v e s  t h e  v a l u e  0 . 0 1 3 0 M  f o r  t h e  new c o n ­
c e n t r a t i o n  o f  f r e e  Mea,  o r  t h e  2 0 0  m l ,  now c o n t a i n s  2 , 6 0  m i l l i ­
m o l e s  o f  f r e e  Mea; 3 * 5 0  — 2 , 6 0  = 0 , 9 0  m i l l i m o l e s  h a s  t h e r e f o r e
co mb in ed  w i t h  t h e  0 , 4 6  m i l l i m o l e s  o f  c o p p e r  p r e s e n t .
Hence  t h e  c o n d u c t a n c e  d a t a  show t h a t  i n  0 ,013M Mea t h e
c o p p e r  i s  p r e s e n t  a s  t h e  c o m p l e x
0^ N
X  \  X  \
C2 HW  X C U X  / C2 H4
N 0
and t h a t  t h i s  ( a s  w o u ld  be  e x p e c t e d )  shows  no t e n d e n c y  t o  for m  
an a n i o n  a t  h i g h e r  pH v a l u e s .
( 2 )  P0TENTI0METRIG DATA
The 50 m l ,  s o l u t i o n ,  c o n t a i n i n g  b e l o w  1 : 10  r a t i o  w i t h  
r e s p e c t  t o  Cu : MeaH , when t i t r a t e d  a g a i n s t  NaOH g a v e  p r e c i ­
p i t a t i o n  o f  Cu ( 0H )2 ; h o w e v e r ,  a t  h i g h e r  pH t h e  s o l u t i o n  b e c o m e s
loete ctane
c l e a r .  With  1 : 10  r a t i o ,  two r u n s A( P i g .  6 )  ( a )  w i t h  0 , 1 3 7 2 N
NaOH t r a c e s  o f  Gu ( 0H )2 w e r e  o b s e r v e d  i n  t h e  t i t r a t i o n  b e t w e e n
2 - 3  ml ,  r e g i o n ,  and ( b )  w i t h  0 . 0 6 4 4 N  NaOH no p r e c i p i t a t i o n  
was o b s e r v e d .  C a l c u l a t i o n s  w e r e  made w i t h  r u n s  ( b )  b y  a p p l y i n g  
a b l a n k  c o r r e c t i o n  o f  2 , 8  m l .  t o  f i t  t h e  pH 4 . 5  p t .  X a s  
shown on t h e  c u r v e  ( P i g . 6 ) .
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N o r m a l l y ,  amine  a c t s  a s  a weak b a s e  i n  w a t e r  and i o n i s e s
.J. —
t o  some e x t e n t  : B + H^O BH + OH , When a m e t a l  o a t i o n
2 +M i s  p r e s e n t  t h e r e  i s  c o m p e t i t i o n  b e t w e e n  t h e  s p e c i e s  B,  HgO 
and OH"* f o r  c o o r d i n a t i o n  s i t e s  i n  t h e  c o o r d i n a t i o n  s p h e r e  o f  
t h e  c a t i o n ,  a n d ,  i n  a d d i t i o n  t o  t h e  h y d r a t e d  i o n ,  d i f f e r e n t  
s p e c i e s  o t h e r  t h a n  no r m a l  amine  c o m p l e x e s  may be  e x p e c t e d .  T h i s  
f a c t  l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e  i n i t i a l  i n t e r a c t i o n  was  e x —
+ — 2 *fc l u s i v e l y  MeaH + OH Mea and f o r m a t i o n  o f  CuMea wo u ld
r e q u i r e  0 . 2 5 / 0 , 0 6 4 4  = 3*8 8  ml NaOH. T h i s  i s  p r e s u m a b l y  t h e  
f i r s t  p r o c e s s ,  a s  no p r e c i p i t a t i o n  o f  C u ( 0 H ) 2 i s  g i v e n  i n  t h e s e  
s o l u t i o n s .  The pH i s  now 6 , 5 >  and i t  s e em s  p r o b a b l e  t h a t  a s  
more OH i s  ad d ed  t h e  f o l l o w i n g  o v e r l a p p i n g  and c o m p e t i n g  p r o c e s s  
may a l l  be o c c u r r i n g .
CuMea2 + OH*" ^  CuMeaOH* ( CuMeaOH )^2 + ,
CuMea CuMea+ + (H+ + 0H~ —>  HgO),
CuMea + MeaH1" CuMea2 + HgO.
I
2 u.That  i s  t o  s a y ,  t h e  i o n  C u M e a g ^ O ^  o r
2+Cu(Mea) ( H g O ( a c c o r d i n g  t o  w h e t h e r  t h e  Mea o c c u p i e s  one  o r  I
two c o o r d i n a t i o n  s i t e s )  may be l o s i n g  p r o t o n s  e i t h e r  f r o m  t h e
H^O o r  t h e  Mea g r o u p s ,  and s i m u l t a n e o u s l y  a s  t h e  pH i n c r e a s e s  j
t h e  MeaH Mea e q u i l i b r i u m  w i l l  be m o v i n g  t o  t h e  r i g h t .  I t
s e em s  u n p r a c t i c a b l e  t h e r e f o r e  t o  a t t e m p t  t o  a n a l y s e  t h e  pH
c u r v e  a s  was  done  f o r  Dea and Tea .  The o n l y  p o s i t i v e  e v i d e n c e
g i v e n  by  t h e  c u r v e  i s  a maximum i n  t h e  A  pH/  A  c u r v e  when
8 . 3  ml .  g  0 . 5 3  m i l l i m o l e s  o f  NaOH ha ve  beem u s e d .  T h i s  must
c o r r e s p o n d  t o  t h e  c o m p l e t i o n  o f  t h e  a c i d —b a s e  r e a c t i o n  t o  form
CuMea*,  w h i c h  r e q u i r e s  0 . 5 0  m i l l i m o l e s  l e a v i n g  a v e r y  s m a l l
e x c e s s  o f  0H~ u s e d  i n  l i b e r a t i n g  en ou g h  f r e e  Mea t o  g i v e  a s m a l l
2 +f r a c t i o n  o f  CuMea^ . The mid—p o i n t  o f  t h i s  s t a g e  o c c u r s  a t  
pH = 6 . 9 8  so an a p p r o x i m a t e  pIC f o r  t h e  p r o c e s s  :
CuMea2 * CuMea* ■+ H* i s  7 * 0 .
( 3 )  PHOTOMETRIC RESULTS
I t  was  t o  t h i s  s y s t e m  t h a t  t h e  s p e c t r o p h o t o m e t r i c  method  
was  f i r s t  a p p l i e d ,  and a number o f  e x p l o r a t o r y  m e a s u r e m e n t s
w e r e  made w h i c h  w i l l  n o t  be d e s c r i b e d  i n  d e t a i l .  F i r s t ,  t h e
a b s o r p t i o n  o f  CuSO^ and Mea s o l u t i o n s  ( F i g .  1 4 )  w ere  d e t e r m i n e d  
s e p a r a t e l y  and t h e s e  showed t h a t  f r e e  Mea w i l l  n o t  i n t e r f e r e  a t  
a l l ,  b u t  t h a t  a s m a l l  a b s o r p t i o n  o f  Cu a t  a r o u n d  8 0 0  . w i l l
h a v e  t o  be  a l l o w e d  f o r .  N e x t ,  some m e a s u r e m e n t s  we re  made i n  
b u f f e r  s o l u t i o n s  made up o f  v a r i o u s  p r o p o r t i o n s  o f  Mea and  
MeaHCl ( F i g s . l 6 ,  1 7 ) .  T h e s e  showed t h a t  t h e  a b s o r p t i o n  o f  
CuSO^ ( F i g . 1 6 )  was  m a r k e d l y  a f f e c t e d  by  t h e  p r e s e n c e  o f  MeaHCl,  
and t h e  f a c t  t h a t  t h i s  was  due t o  c h l o r i d e  i o n  was  c o n f i r m e d  by  
s t u d y i n g  a m i x t u r e  o f  C u ( C 1 0 ^ ) 2 a*id NaCl ( F i g s . 1 8 ,  1 9 ) .  The 
f i n a l  r e s u l t s  w e r e  a l l  o b t a i n e d  w i t h  C u ( C 1 0 ^ ) 2~MeaHC10^~Mea
m i x t u r e s  ( F i g s . 20  t o  2 4 ) ,  t h e  pH v a l u e s  o f  w h i c h  a r e  s e p a r a t e l y  
d e t e r m i n e d .
A s e r i e s  i n  t h e  h i g h e r  pH r a n g e  i s  shown i n  F i g . 2 0 .  The 
m i x t u r e s  s t u d i e d  a l l  c o n t a i n e d  0 .005M C u ( C 1 0 ^ ) 2 a;ud 0 .025M Mea,  
s o  t h e  number o f  m o l e s  o f  Mea c o o r d i n a t e d  s h o u l d  be  c o n s t a n t  
t h r o u g h o u t .  The o t h e r  p a r t i c u l a r s  w e re  a s  f o l l o w s  :
TABLE 28
C u rv e s pH C o n c e n t r a t i o n  
o f  NaOH
1 9 . 0 5 0 . 0 0
2 9 . 1 2 0 .001M
3 9 . 2 2 0 .002M
4 9 . 5 0 0 .005M
5 9 . 9 8 0 .01M
6 1 1 . 7 0 0 .02M
The c u r v e  w i t h  0 . 0 5 N  NaOH was  i d e n t i c a l  w i t h  c u r v e  6 (F ig .2 l )> 
v a l u e s  o f  e w ere  r e a d  f rom t h e s e  c u r v e s  a t  X » 5 0 0 ,  600 , 6 20 ,
650  and 700  mp, and f o r  e a c h  w a v e - l e n g t h  e was  p l o t t e d  a g a i n s t  
pH j u s t  a s  d e s c r i b e d  f o r  t h e  Cu-Dea s y s t e m ,  and t h e  t u r n i n g  
p o i n t s  o f  t h e  c u r v e s  w e r e  e s t i m a t e d  t o  be  9 * 5 5 ,  9 . 5 5 ?  9 * 5 0 ,  9 *4 0 ,
-165-
and 9 v 5 5 . The c o n d u c t i v i t y  r e s u l t s  h a v e  shown t h e  f i n a l  p r o d u c t  i n  
e x c e s s  NaOH t o  be
o
X  \  X  N sC„H. C u  C„H.
2 \  x  \  /  4
0 N
so t h e  mean pK v a l u e  9 . 5 1  r e f e r  t o  t h e  p r o c e s s :
N OH
X  \  vC„H. Cu C_H.
2 4 X  x  \  X  2 4
C2 H4
N 0
/  \  /  \
Cu C2H^ I + H
0 N
my*
An a l t e r n a t i v e  way o f  t r e a t i n g  t h e  a b s o r p t i o n  d a t a  i s  
a l g e b r a i c a l l y ,  a s  f o l l o w s .  I f  a and ( l  -  a )  a r e  t h e  p r o p o r t i o n s  
o f  t h e  ( c o n s t a n t )  c o p p e r  c o n t e n t  p r e s e n t  i n  t h e  u n c h a r g e d  and  
c h a r g e d  f o r m s ,  and e Q and t h e i r  m o l a r  e x t i n c t i o n  c o e f f i c i e n t s ,
t h e  o b s e r v e d  e x t i n c t i o n  a t  an y  g i v e n  w a v e - l e n g t h  i s  :
e _ = aeo b s  o + ( l  — a ) e ^  -  a ( -  e )
-  e , e , — e1 o b s  n n o b s  oa = ---------------— and 1 — a =  *
e_ — e 1 o e n — e 1 o
The d i s s o c i a t i o n  c o n s t a n t  f o r  t h e  r e a c t i o n  i s
r +
K a
[HT]a
1 — a
[H+ ] .
e- -  e ,1 ob s
e -  e 
ob s o
( e o b s ob s
[H + ] K K
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e i s  known f r o m  t h e  c o n s t a n t  c u r v e  o b t a i n e d  a t  o
[NaOH] 0 <D2 and [H+ ] i s  known ( n e g l e c t i n g  a c t i v i t y  c o e f f i c i e n t s )  
f ro m  t h e  pH m e a s u r e m e n t s .  The l e f t  hand s i d e  can t h e r e f o r e  be  
p l o t t e d  a g a i n s t  a t  v a r i o u s  w a v e - l e n g t h s  t o  g i v e  ^  b y
e x t r a p o l a t i o n  and K f r o m  t h e  s l o p e  o f  t h e  g r a p h .  The i n t e r ­
p o l a t i o n s  f ro m  t h e  a b s o r p t i o n  c u r v e s  a r e  d i f f i c u l t  t o  o b t a i n  w i t h  
t h e  n e e d e d  a c c u r a c y ,  b u t  a r e a s o n a b l e  mean s l o p e  o f  t h e  c u r v e s  a t  
d i f f e r e n t  w a v e - l e n g t h s  c o u l d  be  e s t i m a t e d  :
A  /  A  e = 2 . 7  x  1 0 9 .
[H ] /  0 t s
T h i s  i s  l / lC ,  so  K = 3 . 7  x  1 0 ~  ^ , w h i c h  a g r e e s  q u i t e  w e l l  w i t h  t h e
- 1 0v a l u e  K = 3*2 x  10  o b t a i n e d  by  t h e  m i d - p o i n t  m e th o d .
The v a l u e s  o b t a i n e d  by  t h i s  method f o r  t h e  e x t i n c t i o n  
c o e f f i c i e n t s  o f  t h e  s e p a r a t e  f o r m s  e n a b l e  c a l c u l a t e d  a b s o r p t i o n  
c u r v e s  t o  be  c o n s t r u c t e d .  They  a r e  :
mf_L
.
3 50  ;*400 4 5 0 ;500 550 600 650 700 750 800 85 0
e o 0 . 1 3 3
OKNO•o 0 . 1 6 9 0 . 5 5 0 0 . 686 0 . 7 1 0 0 . 5 9 8 0 . 3 8 1 0 . 1 9 7 0 . 0 8 7 0 . 0 3 7
e i 0 . 6 7 7 0 . 1 4 2 0 . 1 1 1I
0 . 3 2 3 0 . 6 3 1 0 .8 5 0
. . . .
0.830 0 . 6 2 3 0 . 3 7 1 0 . 1 9 9 0 . 1 0 9
N e x t  t h e n  a r e  t h r e e  a b s o r p t i o n  c u r v e s  ( F i g . 2 2 )  f o r  t h e  
m i x t u r e s ,  Cu, 0 . 0 0 5 M ,  Mea,  0 . 0 2 5 M ,  p l u s  MeaHClO^:
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0.2M ( 1 ,  pH 7 . 5 6 ) ,  0 . 05M ( 2 ,  pH 8 . 4 7 )  and. w i t h o u t  MeaHClO^
( 3 ,  pH 9 . 0 5 ) .  Curve 3 c o r r e s p o n d s  t o  a pH w h e r e  t h e  r e a c t i o n
2 Hf* Nk. H* H*CuMea^ — CuMea2 i s  c o m p l e t e  and t h e  r e a c t i o n  CuMea^ —
CuMea2 °  h a s  b e g u n .  C om p ar i son  o f  t h e  a b s o r p t i o n  c u r v e  w i t h
t h o s e  p r e v i o u s l y  c o n s i d e r e d  a g r e e s  w i t h  t h i s .
2 +Cu rv e s  1 and 2 show t h a t  t h e  c o m p l e x  CuMea^ h a s  a 
h i g h  e x t i n c t i o n  c o e f f i c i e n t  a t  a ^max o f  a p p r o x i m a t e l y  650  mp., 
b u t  w i t h  o n l y  two c u r v e s  t h e  method  p r e v i o u s l y  u s e d  f o r  a n a l y s i n g  
t h e  r e s u l t s  a r e  n o t  a p p l i c a b l e .
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5 .  COMRLEXING w i t h  other met al s    i.mr* a*
C o m p le x e s  w i t h  N i c k e l
R y a z a n o v  and M i l i n  [ 3 9 ]  p r e p a r e d  a c r y s t a l  compound  
NiSO^,3NH2 CH2 CH2 0H o f  d u l l  b l u e  c o l o u r .  They  r e p o r t e d  t h e  
d i s s o c i a t i o n  c o n s t a n t  and d e g r e e  o f  h y d r o l y s i s  o f  t h e  a bov e  com-
«-"7 mmfc
pound t o  be 3 - 3 5  x 10  and 5 *09  x 10 r e s p e c t i v e l y .  Syche v  
and G-erbelu [ 4 0 ]  s t u d i e d  t h e  t h e r m o d y n a m i c s  o f  t h e  r e a c t i o n  o f  
s t e p w i s e  c o m p l e x  f o r m a t i o n  o f  n i c k e l  i o n s  w i t h  m o n o e t h a n o l a m i n e .  
At pH 6 -  9 t h e y  e s t i m a t e d  t h e  v a l u e s  o f  l o g  IC^  = 3 . 0 6 ,  l o g  Kg =
P  i p  i
2 . 4 6  and l o g  = 1 * 4 3  o f  t h e  c o m p l e x e s  [ N i ( e t m ) ]  ,  [ N i ( e t m ) 2 ]
2 +and [ N i ( e t m ) 3 ] r e s p e c t i v e l y .  The work s u g g e s t s  t h e  n i c k e l  
l i n k e d  o n l y  t h r o u g h  N.
S i m i l a r l y  t o  c o p p e r ,  t h e  N i ( l l ) ~ M e a  s y s t e m  was s t u d i e d  
c o n d u c t i m e t r i c a l l y  ( F i g . 1 3 ) ,  and t h e  c o m p l e x e s  f o r m e d  a t  l o w  
a s  w e l l  a s  h i g h  pH v a l u e s  ( u n t i l  p r e c i p i t a t i o n  o c c u r r e d )  w e r e  
s t u d i e d  p o t e n t i o m e t i r c a l l y  ( F i g s .  7 ,  8 ,  9]  w i t h  e a c h  o f  t h e  t h r e e  
e t h a n o l a m i n e s  a t  d i f f e r e n t  r a t i o s  w i t h  r e s p e c t  t o  N i  : a m i n e .
Re s u i t  s
( a ) Q o n d u o t i m e t r y
N i c k e l ,  l i k e  Cu, can b e  e x t r a c t e d  f ro m  a N i  r e s i n  by  Mea,  
b u t  i t  n e e d e d  a h i g h  c o n c e n t r a t i o n  o f  Mea,  and t h e  c u r v e s  o b ­
t a i n e d  w ere  f o r  r a t h e r  c o n c e n t r a t e d  s o l u t i o n s .  They a re  q u i t e
u n l i k e  t h e  c o p p e r  r e s u l t s ,  f o r  t h e  s o l u t i o n  c o n t a i n i n g  n i c k e l  
h a s  a h i g h e r  c o n d u c t i v i t y  t h r o u g h o u t  t h a n  t h e  s o l u t i o n  c o n t a i n ­
i n g  Mea a l o n e  a t  t h e  same c o n c e n t r a t i o n .  The n i o l c e l  c o m p l e x  
i s  t h e r e f o r e  c o n t r i b u t i n g  t o  t h e  c o n d u c t i v i t y  and t h e  n i c k e l  
h a s  p o s s i b l y  b e e n  e x t r a c t e d  a s  t h e  N i ( N . O^H.^0) ^  c o m p l e x .  No 
q u a n t i t a t i v e  i n f o r m a t i o n  can be d e r i v e d  f r om  t h e  c u r v e s ,
( b ) P o t e n t i o m e t r y
( i )  M o n o e t h a n o l a m i n e : When a m i x t u r e  w i t h  t h e  i n i t i a l
Hh 2r a t i o  [MeaH ] / [ N i  ] o f  10  : 1 was t i t r a t e d  w i t h  Mea,  p r e c i p i t a ­
t i o n  b e g i n s  (pH = 8 . 5 6 )  when a p p r o x i m a t e l y  two e q u i v a l e n t s  o f  
OH p e r  atom o f  Ni  h a v e  b e e n  a d d e d .  I t  i s  p r o b a b l e  t h a t  a t  
t h i s  s t a g e  t h e  n i c k e l  i s  m a i n l y  i n  t h e  fo rm  NiMeaOH , w h i c h  
f o r m s  a p r e c i p i t a t e  w i t h  f u r t h e r  a d d i t i o n  o f  OH”**.
» O i
T h i s  d o e s  n o t  happe n  when t h e  i n i t i a l  [MeaH ] / [ N i  ]
r a t i o  i s  1 0 0  : 1 a s  t h e  l o w e r  pH r e d u c e s  t h e  c o n c e n t r a t i o n  o f  
OH , and c o m p l e x i n g  w i t h  f u r t h e r  amounts  o f  Mea t a k e s  p l a c e .
The e a r l y  p o i n t s  o f  b o t h  r u n s  h a v e  b e e n  a n a l y s e d  i n  t h e  way  
a l r e a d y  d e s c r i b e d  f o r  t h e  c o p p e r  c o m p l e x e s ,  and a v a l u e
[NiMea2 *]
l o g  = l o g  —— — “—™  = 2 . 9  ~  0 . 1
[ N i 2 + ] [ M e a ]
Yjas o b t a i n e d  a s  t h e  mean o f  f i v e  p o i n t s .  A s i m i l a r  a n a l y s i s  
o f  p o i n t s  a t  somewhat  h i g h e r  c o n c e n t r a t i o n s  shows  t h a t  i n c r e a s i n g
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am ou n t s  o f  Mea a r e  c o m p l e x e d ,  and an a p p r o x i m a t e  v a l u e ,
[NxMea2 2 + ]
l o g  K = l o g  ------ — "g—— ——  = 2 . 2  was  o b t a i n e d .
[NiMoa ] [Mea]
( i i )  D i e t h a n o l a m i n e : P r e c i p i t a t i o n  t a k e s  p l a c e  e a r l i e r
i n  t h i s  c a s e  t h a n  w i t h  Mea, s u g g e s t i n g  t h a t  c o m p l e x i n g  i s  l e s s  
s t r o n g  i n  t h i s  c a s e .  In  a g r e e m e n t  w i t h  t h i s ,  an a n a l y s i s  o f  t h e  
e a r l y  p a r t  o f  t h e  c u r v e  g i v e s  t h e  v a l u e  : l o g  ~ 2 . 2 ,  Com­
p l e x i n g  p r o b a b l y  g o e s  b e y o n d  t h e  f i r s t  s t a g e ,  b u t  a s  t h e  
c o o r d i n a t i o n  o f  OH i s  p r o b a b l y  t a k i n g  p l a c e  s i m u l t a n e o u s l y ,  a 
q u a n t i t a t i v e  t r e a t m e n t  i s  n o t  p r a c t i c a b l e ,
( i i i )  T r i e t h a n o l a m i n e : P r e c i p i t a t i o n  a g a i n  t a k e s  p l a c e
h e r e  u n l e s s  a h i g h  i n i t i a l  r a t i o  o f  [ Te a H* ] / [N i2 * ]  i s  u s e d .  Wi th
t h e s e  l a r g e r  r a t i o s  a q u a n t i t a t i v e  t r e a t m e n t  o f  t h e  e a r l y  s t a g e s
o f  c o m p l e x  f o r m a t i o n  i s  p o s s i b l e ,  and t h e  same t r e a t m e n t  a s
Vb e f o r e  l e a d s  t o :  l o g  » 2 . 7 *  and an approximate  v a l u e  l o g  K g = 2 . 0 e
(^-v ) Summary; The v a l u e s  o b t a i n e d  p o t e n t i o m e t r i c a l l y
f o r  N i —c o m p l e x e s  w ere  :
Mea Dea Tea
l o g  Kx 2 . 9  2 , 2  2 . 7
l o g  Kg 2 , 2  -  2 . 0
CHROMATOGRAPHIC EXPERIMENTS
With  t h i s  e v i d e n c e  t h a t  Cu, Ni  and p o s s i b l y  o t h e r  m e t a l s
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c o u l d  be e x t r a c t e d  f ro m  a r e s i n  a s  u n c h a r g e d  c o m p l e x e s  o r  a n i o n s  
by t r e a t m e n t  w i t h  Mea,  i t  was  t h o u g h t  i n t e r e s t i n g  t o  c a r r y  o u t  
some e x p l o r a t o r y  e x p e r i m e n t s  a imed a t  a c h r o m a t o g r a p h i c  s e p a r a ­
t i o n  o f  m e t a l s  i n  t h i s  way .  I t  was f o u n d  t h a t  c o p p e r  c o u l d  
r e a d i l y  be  e x t r a c t e d  f ro m  o t h e r  m e t a l  r e s i n s  ( e . g .  n i c k e l ,  c o b a l t  
z i n c )  by  e l u t i o n  w i t h  Mea,  and t h a t  t h e  w h o l e  o f  t h e  c o p p e r  
c o u l d  be  e x t r a c t e d  q u i t e  r e a d i l y  and i n  a r e a s o n a b l y  s h o r t  t i m e .  
The o t h e r  m e t a l s  o o u l d  a f t e r w a r d s  be  e x t r a c t e d  s e p a r a t e l y  f ro m  
t h e  co lumn (Co b e f o r e  N i ) ,  b u t  o n l y  by  i n c r e a s i n g  t h e  c o n c e n t r a ­
t i o n  o f  Mea and a d d i n g  NaOH t o  i t  t o  r a i s e  t h e  pH t o  t h e  c r i t i c a l  
v a l u e  a t  w h i c h  t h e  n e x t  m e t a l  c o u l d  be e x t r a c t e d .  R e c o v e r y  o f  
t h e s e  m e t a l s  was  n o t  c o m p l e t e ,  p r o b a b l y  o w i n g  t o  t h e  p r e c i p i t a ­
t i o n  o f  h y d r o x i d e s  i n  t h e  c o l u m n ,  and t h e  s t u d y  o f  t h i s  was  n o t  
pur  s u e d .
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6 ,  SUMMARY
The r e s u l t s  r e p o r t e d  i n  t h i s  t h e s i s  p r o v i d e  new i n f o r m a ­
t i o n  on t h e  f o l l o w i n g  t o p i c s .
( i )  The e x t e n t  o f  s w e l l i n g  o f  d i f f e r e n t  c r o s s —l i n k e d
H—f o r m  o f  s u l p h o n a t e  r e s i n  i n  e a c h  o f  t h e  t h r e e  a q u e o u s  e t h a n o — 
l a m i n e  s o l u t i o n s .
( i i )  The s t a b i l i t y  o f  C u ( I I ) - e t h a n o l a m i n e  c o m p l e x e s ,  b o t h  
i n  a q u e o u s  s o l u t i o n  and i n  r e s i n  p h a s e .
( i i i )  The s t r u c t u r e  and s t a b i l i t y  c o n s t a n t s  o f  v a r i o u s  
h y d r o x y ,  c h e l a t e ,  m i x e d  and p o l y n u c l e a r  c o m p l e x e s  f o r m e d  b e t w e e n  
C u ( l l )  i o n  and e a c h  o f  t h e  t h r e e  e t h a n o l a m i n e s  i n  a q u e o u s  s o l u ­
t i o n  o v e r  a l l  s u i t a b l e  r a n g e s  o f  pH v a l u e s .
( i v )  C o m p le x e s  f o r m e d  b y  o t h e r  m e t a l s  w i t h  aq u e o u s  
e t h a n o l a m i n e s  i n  b r i e f .
Th es e  w i l l  be  b r i e f l y  d i s c u s s e d  i n  t u r n .
( i )  Two main p o i n t s  o f  i n t e r e s t  a r i s e  f ro m  t h e  s w e l l i n g  r e ­
s u l t s  :
( a )  The v o l u m e s  o f  t h e  r e s i n s  i n  t h e  t h r e e  f o r m s  o f  
Mea—s a l t ,  D e a - s a l t  and T e a - s a l t  r e f l e c t  an i n c r e a s e  i n  vo lume  
o f  34  u n i t s  f o r  e a c h  CgH^OH g r o u p  i n t r o d u c e d ;  ( b )  t h e  
a n o m a l y  i n  t h e  2% r e s i n  o f  a d e c r e a s e  i n  s w o l l e n  vo lume  on p a s s ­
i n g  f ro m Mea t o  T e a - r e s i n  shows  t h a t  t h e  e x p e c t e d  vo lume  i n c r e a s e
i s  o p p o s e d  by  a s e c o n d  e f f e c t .  I t  i s  s u g g e s t e d  t h a t  t h i s  i s  
t h e  a s s o c i a t i o n  o f  t h e  c o u n t e r  i o n s  w i t h  t h e  c h a r g e d  g r o u p s  o f  
t h e  r e s i n .
( i i )  Copper i s  e f f i c i e n t l y  e x t r a c t e d  f r om  t h e  r e s i n  by  a l l  
t h r e e  a m i n e s .  I t  h a s  b e e n  shown t h a t  t h i s  i s  due t o  t h e  
r e a c t i o n s  :
Cu2+ + N (C2H^OH)n — >  C u .N -C 2H4 0 (C 2H, O H )* ^  — >
Cu.N—( C^H^O)2 ( C^H^OH)° 2 w h i c h  l e a d  t o  an u n c h a r g e d  fo rm  t h a t  
i s  n o t  r e t a i n e d  b y  t h e  r e s i n .  E q u i l i b r i u m  c o n s t a n t s  d e r i v e d  
f ro m  p o t e n t i o m e t r i c  m e a s u r e m e n t s  e n a b l e d  a m o de l  c u r v e  t o  be  
c o n s t r u c t e d  f o r  t h e  c a s e  o f  Tea w h i c h  r e p r o d u c e d  t h e  e x p e r i ­
m e n t a l  f i n d i n g s  r e a s o n a b l y  w e l l .  Minor d i f f e r e n c e s  i n  t h e  
e x t r a c t i o n  e f f i c i e n c y  o f  Mea and Dea can b e  e x p l a i n e d  by  t h e i r  
d i f f e r i n g  b a s i c i t i e s  and c o m p l e x i n g  t e n d e n c i e s .
( i i i )  When an e t h a n o l a m i n e  i s  added  t o  a c u p r i c  s a l t  t h e  f o l l o w ­
i n g  p r o c e s s e s  can b e  a n t i c i p a t e d  :
( a )  f o r m a t i o n  i n  s u c c e s s i v e  s t e p s  o f  c o m p l e x e s  CuE^,CuE2 , 
e t c . ;  w h er e  E r e p r e s e n t s  an e t h a n o l a m i n e  m o l e c u l e .
( b )  The i n c r e a s i n g  pH o f  t h e  s o l u t i o n s  a s  t h e  E c o n c e n ­
t r a t i o n  i s  i n c r e a s e d  may l e a d  t o  c o o r d i n a t i o n  o f  —OH t o  g i v e  
compounds  su ch  a s  CuEOH , e t c .  I f  t h e s e  a r e  f o r m e d  t h e r e  i s  
e v i d e n c e  f rom o t h e r  sources  t h a t  t h e  p r o c e s s ( b ^ )  can o c c u r  :
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+ ^ 0H 9 ,- r  " V
2E 'zzzzasxx. Cu m« mill ECu CuE
\  \  ^
OH OH
t o  g i v e  a d i m e r .
( c )  On t h e  o t h e r  hand t h e  OH may r e a c t  w i t h * t h e  p r o t o n  
f ro m an -OH g r o u p  t
, cm 0
/  \  2 + _  ^  \  +
Cu' ^C „ H ,  + OH —>  Cu S C„H. + Ho 0\  2 <+ /  2 /+ c.
N N
( d )  A f u r t h e r  r e a c t i o n  s i m i l a r  t o  ( o )  l e a d s  t o  t h e  un­
c h a r g e d  c o m p l e x
0 . 0
C2 \ t y  / ° 2 H4
N ’ N
/ 2+  \ ( i l l u s t r a t e d  f o r  t h e  compound d e r i v e d  f ro m CuMea^ ) .
The main d i f f i c u l t y  i n  d i s e n t a n g l i n g  t h e s e  p r o c e s s e s  i s
t h a t  r e a o t i o n s  ( b )  and ( c )  b e g i n  b e f o r e  ( a )  i s  c o m p l e t e ,  so
t h a t  i t  was  s e l d o m  p o s s i b l e  t o  d e r i v e  s t a b i l i t y  c o n s t a n t s
b e y o n d  t h e  f i r s t  s t a g e  o f  t h e  1 : 1 c o m p l e x .  V a l u e s  o b t a i n e d
a r e  su m m a r i se d  i n  t h e  f o l l o w i n g  t a b l e .
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C u ( l l )  -  T r i e t h a n o l a m i n e  C o m p le xe s :
S p e c i e s  f o r m e d K pK
[ CuT ea] 2 * i x  icr —4* o
[ CuTea( OH)]+1 3.9 x 10-7 6.4
[ C u T e a ( 0 H ) 2 ] ° 3 . 7  x  1 0 - 9 8.43
[ CuTea( O H ) , ] - 1 7 . 2 4 4  x  10 1 1 . 1 4
C u ( l l )  -  D i e t h a n o l a m i n e  C o m p le xe s :
[ CuDea]2 * 1.585 x  icr -3.8 ( e x t r a p o l a t e d )
[ C u D e a / 2 * 1 . 0  x  10 - 2 , 0 ( c a l c u l a t e d  by  
c o m p a r i  s o n )
[ C u D e a (O H ) ] *1 1 . 4  x 1 0 - 7 6.854
[ CuDea(0H)2 ] ° 1 . 0  x  10 8 . 0 0
[ ( CuDeaOH)2 ] 2* 1 . 0  x  IO- 1 3 1 3 . 0 0
C u ( l l )  -  M o n o e t h a n o l a m i n e  C o m p le x es :
[CuMea(OH)]*1 1 . 0  x  10*"' 7 . 0
[ C u M e a ( O H ) / 0 'O'! • ro X H O
1
I 
o 9 . 5 0
( i v )  S t e p w i s e  c o m p l e x  f o r m a t i o n  s u g g e s t s  t h a t  t h e  b e h a v i o u x ’ 
o f  e a c h  o f  t h e  t h r e e  e t h a n o l a m i n e s  t o w a r d s  N i ( l l )  s a l t  r e s e m b l e s  
t h a t  o f  ammonia.  The i n t e r m e d i a t e  s p e c i e s  may be  r e l a t i v e l y  
u n s t a b l e  and h y d r o x y  c o m p l e x e s  may n o t  be  f o r m e d .  When t h e  
N i ( l l ) ,  Z n ( l l )  and C o ( l l )  f o rm  r e s i n s  were  e q u i l i b r a t e d  w i t h  
a q u e o u s  e t h a n o l a m i n e  s o l u t i o n s  s e p a r a t e l y ,  n i c k e l  p r e f e r s  r e s i n  
p h a s e  t o  s o l u t i o n  p h a s e  and p e r h a p s  aramine f o r m a t i o n  i s  a l w a y s  
t h e  r e s u l t ;  z i n c ,  t h o u g h  h y d r o l y s e d  i n  d i l u t e  s o l u t i o n s ,  
h o w e v e r ,  f o r m s  s t a b l e  c o m p l e x e s  a t  h i g h e r  c o n c e n t r a t i o n ,  w h i l e  
c o b a l t  b e h a v e s  s i m i l a r l y  t o  c o p p e r ,  b u t  u n f o r t u n a t e l y  t h e  com­
p l e x e s  i n  s o l u t i o n  p h a s e  w e r e  o x i d i s e d  and t h e  s y s t e m  c o u l d  
n o t  be s t u d i e d .  Such s y s t e m s  s h o u l d  be  s t u d i e d  in  an a t m o s p h e r e  
o f  n i t r o g e n ,  i f  p o s s i b l e .
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